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Article  L 

V 

On  the  Introduction  of  the  new  Mode  of  Bleaching  into  Great 
Britain.    By  Thomas  Thomson,  M.D.  F.  B.  & 

On  reading  the  statement  given  by  Mr.  Parkes,  in  his  Chemical' 
EBHiys  lately  published  (vol.  iv.  p^  45),  that  Professor  Copland,  of 
Aberdeen,  communicated  the  method  of  whitening  linen  and  cotton 
by  means  of  oxymuriatic  acid  to  the  Messrs.  Milnes,  of  the  house 
of  Gordon,  Barron,  and  Co.  about  the  end  of  July,  17^75  &nd 
that  these  Gentlemen  were  the  ^rst  that  actually  applied  oxymu- 
liatic  acid  to  the  purpose  of  bleaching  either  linen  or  cotton  goods 
far  sale,  I  felt  much  surprise.  For  a  period  of  nearly  30  years,  the 
inerit  of  introducing  the  new  mode  of  bleaching  into  Great  Britain 
bad  been  universally  ascribed  to  Mr.  Watt.  A  posthumous  claim 
like  that  brought  forwards  by  Mr.  Parkes  cannot  be  Ibtened  to 
unless  it  be  supported  by  very  complete  evidence.  Mr.  Parkes' 
evidence  consists  in  the  testimony  of  Professor  Copland  and  of  the 
Duke  of  Gordon,  tliat  the  experiment  was  exhibited  to  them  in 
1767  by  Saussure,  and  that  Mr.  Copland  communicated  the  fact  to 
Messrs.*^  Milnes  about  the  end  of  July,  17^7>  and  that  they  imme* 
diately  bleached  by  means  of  it  a  hank  of  yarn.  {Annals  ofPhi* 
losophy^  vol.  vii.  p.  100.)  So  far  the  evidence  is  unexceptionable 
and  satisfactory.  Professor  Copland  was  the  first  person  wno  intro- 
duced the  new  mod^  of  bleaching  into  the  county  of  Aberdeen,  and 
the  Messrs.  Milnes  were  the  first  persons  in  that  county  who  put 
that  method  into  practice. 

But  before  this  claim  of  Professor  Copland  can  supersede  that  of 
Mr.  Watt,  it  would  be  nacessary  to  show  that  Mr*  Watt's  experi- 

VoL.  VIIL  N^  L  A 
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On  the  Inlraduclion  of  the  new  Mode  of 
ments  were  not  of  a  prior  date.  Now  this  Mr,  Parkes  d( 
allempt  to  do.  He  merely  says,  "  I  have  the  utmost  n 
believe,  in  apposiiion  to  an  account  lately  given  in  a  very 
able  publication,  that  theirs  (Messrs.  Milnes)  was  the  first 
application  of  the  oxymuriatic  acid  in  Great  Britain  to  the  pui_ 
of  bleaching  either  linen  or  cotton  goods  for  sale."  (Essays,  vol. 
p.  46.)  In  his  answer  to  Dr.  Henry  he  says,  "  I  thmk  1  have  com* 
pletely  established  the  fact  that  oxymuriatic  acid  was  employed  at 
Aberdeen  in  preparing  goods  for  sale  many  months  prior  to  any 
such  application  of  it  at  Manchester,  or  at  any  other  place  In  Great 
Britain,  Mr.  Macgrcgor's  works  in  Scotland,  where  the  operations 
of  Mr.  Watt  were  conducted,  being  alone  excepted."  {Annals  of 
Plahsophij,  vol.  vii.  p.  101.)  In  this  passage  he  appears  to  admit 
Ihe  priority  of  Mr.  Watt,  though  in  somewhat  equivocal  terms,  and 
consequently  to  give  up  the  claim  of  priority  on  the  part  of  Professor 
Copland  and  Messrs.  Milnes,  wliidi  he  maintained  in  his  Essays. 
Indeed,  the  letters  of  Mr,  Watt  quoted  by  Dr.  Henry  in  his  obser- 
vations on  Mr.  Parkes'  statement  [Annals  of  Philosophy,  vol.  vl. 
p.  421)  seem  to  me  Co  establish  Mr.  Watt's  claim  in  a  satisfactory 
manner. 

But  as  I  regarded  it  to  he  a  matter  of  considerable  importance  in 
B  subject  of  this  nature  to  procure  correct  Information  while  it  could 
be  had,  I  took  advantage  of  a  late  visit  to  Birmingham  to  apply  to 
Mr.  Watt,  as  the  only  person  capable  of  setting  the  dispute  entireljr 
at  rest.  Fortunately  Mr.  Watt  has  preserved  copies  of  all  his  letten 
since  the  lime  that  he  invented  the  copi/ing  pres.^,  which  was  in 
17S2,  or  perhaps  earlier.  He  was  so  obliging  a«  to  allow  me  to 
examine  these  letters.  Out  of  several  relating  to  the  new  mode  of 
bleaching,  I  shall  notice  two,  of  the  earliest  dates  that  I  could 
find,  relative  to  this  process.  It  may  be  necessary  to  mention,  io 
Ihe  first  place,  that  Mr.  Watt  was  in  Paris  in  l/SS,  that  he  left  it 
before  the  end  of  that  year,  and  that  it  was  during  this  visit  that 
Berthollet  communicated  to  him  the  new  process  of  bleaching.     ' 

The  first  letter  which  I  shall  mention  is  dated  Blrmingbam, 
March  19,  178?j  and  Is  addressed  by  Mr.  Watt  to  his  father-in-law, 
Mr.  Macgregor.  In  this  letter  he  describes  the  new  process  of 
bleaching,  points  out  its  advantages,  and  informs  Mr.  IVIacgregoK 
that  he  had  sent  him  a  quantity  of  the  whitening  liquor. 

The  second  letter  is  dated  Birmingham,  May  9,  178/,  and  is 
addressed  to  M.  Bertholiet.  1  transcribe  the  following  paragraph : 
"  Je  ne  sais  pas  si  j'al  encore  fait  la  liqueur  acide  si  fort  que  vou« 
avez  fait,  mais  je  vous  donnerai  les  inoyens  de  juger.  Je  tiouve  que 
4  onces  de  mon  acide  mei<:  avec  la  quantity  necesaaife  d'alkali  dt 
pearl-ash  peui  blunchir  un  gros  de  toile  brune  telle  comme  j'ai  va 
chez  vous.  1!  est  vrai  qu'il  ne  le  fett  lout  a  felt  blanc,  mais  il  la 
fait  aussi  blanc  que  je  puis  le  faire,  ineme  en  ajoutanl  une  second 
dose  d'acide.  Je  bouille  la  toile  par  avance  dans  une  solnlioa 
d'alkali  faible  ;  et  a  mi  blanc,  je  la  bouille  tiiie  second  I'ois.    Je 
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que  le  savon  est  meilleur  que  I'alkali  pur  pour  la  second 
a.     J^ai  blanch!  toote  &  fait  le  coton,  mais  je  ne  suis  encore 
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trouve 

bouillon. 

parvenu  a  blanchir  parfaitement  la  toile  de  lin.' 

When  the  dates  of  these  two  letters  are  contrasted  with  the  end 
of  July,  17^7j  ^l^c  time  at  which  the  experiments  of  Messrs. 
Miloes  commenced,  it  is  unnecessary  to  say  any  thing  further  oa 
the  subject. 


Article  II. 

An  Account  of  the  Aluminxms  Chalybeate  Spring  which  has  Itttely 
appeared  on  the  Property  of  Sir  Andrew  Lauder  Dick^  Bart,  at 
Fountain  Hallf  in  East  Lothian.  By  Thomas  Lauder  Dick, 
Esq.  F.R.S.E. 

(To  Dr.  Thomson.) 

SIR,  "  RelugoMy  near  Forres,  April  IS,  181(J. 

The  spring  which  I  propose  to  describe  appears  in  a  hollow  at  the 
bottom  of  a  wooded  bank  facing  the  north,  with  a  gradual  acclivity. 
Its  situation  is  in  a  coal-field,  the  strata  accompanying  which  dip 
gently  in  a  direction  somewhat  to  the  north.  In  the  very  spot 
where  the  spring  now  rises,  a  shaft  was  sunk  above  60  years  ago,  in 
order  to  admit  of  the  coal  being  relieved  from  water,  by  means  of  a 
pomp,  which  was  kept  constantly  going  in  it,  whilst  working  shafts 
were  put  down  higher  up  the  bank,  and  to  the  rise  of  the  strata, 
for  the  purpose  of  mining  the  coal,  and  bringing  it  to  the  surface. 
The  length  of  pump  required  f^r  drawing  up  the  water  to  the  mouth 
of  the  lower  pit  was  about  15  or  20  fathoms.  The  operations  of 
mining  having  l)een  carried  on  to  a  very  considerable  extent  in  the 
immediate  neighboprhood,  large  wastes  were  formed  by  the  work- 
ings ;  but  the  proprietor  having  at  last  given  them  up  in  that  parti- 
cidar  quarter,  the  several  pits  were  filled  with  rubbish,  leaving  onlV 
such  small  concavities  as  generally  remain  in  similar  cases.  It  is 
not  more  than  seven  or  eight  years  since  water  was  first  observed  to 
run  from  that  hollow,  marking  the  situation  of  the  lower  shaft, 
where  the  pump  had  been  at  one  time  used ;  nor  did  this  circum- 
stance, when  first  noticed,  awaken  any  particular  attention:  but 
while  I  was  in  East  Lothian,  in  the  month  of  April  of  last  year,  a 
Gentleman  who  happened  to  be  walking  near  the  spot  had  his 
curiosity  excited  by  his  dog  being  dyed  of  a  bright  rust  colour,  from 
having  waded  in  amongst  the  weeds  and  rotten  branches  which 
choaked  the  mouth  of  the  spring.  Though  water  coming  from 
coal  commonly  gives  this 'appearance  to  the  earth,  stones,  decayed 
vegetables,  &c«  coming  in  contact  with  it,  and  deposits  an  ochrey 
lediment  as  it  flows  along,  yet  it  was  here  so  remarkable  as  to  lead 
the  Gentleman  to  drink  a  little  of  the  spring,  when,  being  much 
struck  with  its  very  peculiar  taste,  and  having  accidentally  commu- 
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nicated  the  circumstanee  to  me,  J  was  induced  to  investigate  It 
more  particularly.  The  6rst  object  was  to  clear  out  the  fountsis 
head  ;  and  accordingly  my  father,  the  proprietor,  employed  work- 
men to  remove  the  rubbish  from  its  mouth,  and  directed  a  properly 
shaped  well  lo  be  constructed,  the  small  basin  of  which  being  about 
three  feet  wide  each  way,  might  in  depth  contain  a  foot  of  water, 
having  a  wide  arched  cover  of  sod  over  it,  to  prevent  the  leaves 
from  dr&pping  into  it,  but  so  constructed  as  to  be  perfectly  open  in 
front,  so  us  to  afford  full  access  lo  it.  The  run  then  appeared  very 
great,  and  might  have  probably  filled  a  pipe  of  between  two  and 
three  inches  diameter.  Having  tasted  the  water,  I  found  it  power- 
fully astringent,  and  slightly  acid.  On  adding  a  few  drops  of  strong 
tea  to  some  of  it  in  a  wine-glass,  it  became  black,  indicating  the 
presence  of  iron  ;  and  having  next  evH|>ora[ed  an  English  gallon  oE 
the  water  to  perfect  dryness,  1  obtained  85  grains  of  product,  which* 
from  the  shape  and  colour  of  some  of  the  crystals,  being  in  rhom- 
boidal  prisms,  and  of  a  greenish  hue,  appeared  to  be  sulphate  o( 
iron,  together  with  a  mixture  of  pearl- coloured  scales  of  sulphata 
of  alumina.  I  may  remark,  also,  that  having  evaporated  about  a 
tea-i:up  full  of  the  water  in  union  with  tea,  I  obtained  a  black 
\iscid  residuum,  which,  when  used  on  paper  with  a  brush  or  pen, 
I  found  had  all  the  appearance  of  the  best  Indian  ink,  bding,  like 
that  pigment,  capable  of  dilution  with  water  to  any  shade,  and  ■ 
scarcely  in  any  way  distinguishable  from  it,  excepting  by  afaint  aud 
delicate  greenish  tinge,  which  rather  added  to  the  softness  of  its^ 
tone.  On  making  the  experiment,  1  found  that  this  matter  could 
be  employed  with  considerable  advantage  in  drawing,  and  soma 
sketches  I  did  with  it  at  the  time  have  remained  unclianged,  though 
it  is  now  a  year  since  they  were  executed. 

Being  destitute  of  the  agents  rtecessary  for  the  analysis  of  mineral 
waters,  and  being  moreover  inexperienced  in  the  praciice,  I  sent  a 
bottle  filled  from  the  spring  In  question  to  my  friend  iVlr.  Ellis,  ia 
Edinburgh,  togeilier  with  some  of  the  dry  product  obtained  by 
evaporation  of  the  water ;  and  he  and  Dr.  Murray  having  been  so 
obliging  as  to  submit  it  to  the  foUowtug  tests,  1  give  the  results 
from  Mr.  Kllis's  letter  to  me,  trusting  to  the  forgiveness  of  those 
Genitemen  for  the  liberty  I  take  j  and  I  use  this  freedom  with  the 
less  ceremony,  that  they  have  been  already  printed  in  some  of  the 
newspapers,  having  been  inserted  without  authority  by  some  persoa 
who  may  have  probably  seen  the  tetter  by  accideat: — 

1.  IJtmus  paper  was  reddened  by  the  water,  provitig  the  exist- 
ence of  an  acid. 

2.  Tincture  of  galls  produced  blackness,  proving  the  presence  of 
iron. 

S.  Water  of  potash  threw  down  a  greenish  precipitate,. indicating 
the  existence  u[  an  earth  in  combination  with  th«  iron. 

4.  The  precipitate  (3)  was  partly  redissolvedi  by  the  addition  of 
more  potash,  proving  that  the  earthy  matter  was  alumina.. 

5.  Muriate  of  barytcs  occaiiioaed  copious  precipitation,  showing' 
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that  the  acid  in  combination  with  the  alumina  was  eith^  the  snU 
l^uric  or  carbonic. 

6.  The  precipitate  (5)  did  not  disappear  on  adding  muriatic  acid, 
proving  that  the  acid  present  was  not  the  carbonic. 

A  portion  of  the  dry  product  was  redissolved  in  common  water, 
and  afforded  by  the  same  tests  nearly  the  same  results.  Another 
portion' was  submitted  to  a  red  heat,  and  was  in  great  part  converted 
into  red  oxide  of  iron  by  dissipation  of  its  sulphuric  acid. 

From  these  results  it  is  inferred  that  iron  and  alumina,  in  combi- 
nation with  sulphuric  acid,  are  the  chief,  if  not  the  sole,  ingredients 
of  the  water.  It  is,  therefore,  an  aluminous  chalybeate  spring, 
being  something  similar  to  tliat  of  the  Hartfell,  at  Moffat.  Such 
waters  are  common  in  the  neighbourhood  of  the  greywacke,  from 
which  they  derive  their  impregnation ;  but  this  rock  exists  nowhere 
nearer  to  the  spring  in  question  than  the  Lammermoor  range,  from 
which  it  is  at  least  seven  miles  distant.  Its  mineral  qualities  are, 
therefore,  to  be  attributed  to  the  iron  pyrites  of  the  coal-field 
whence  it  originates.  From  my  ingenious  friend  Mr.  Scott,  whose 
accurate  kaowledge  of  the  whole  of  the  coal  formations,  and  other 
strata,  from  the  Firth  of  Forth  to  the  English  border,  has  been 
acquired  from  personal  surveys,  and  examinations  frequently  re- 
peated for  a  long  series  of  years ;  and  who,  from  his  residence  at 
Ormiston,  and  management  of  Lord  Hopetoun's  coaUmines,  is 
particularly  enabled  to  give  information  about  the  coal  district  more 
immediately  under  consideration,  I  learn  that  iron  pyrites  of  all 
degrees  of  hardness,  from  that  of  striking  fire  with  steel,  to  that  of 
being  friable  between  the  fingers,  accompanies  this  coal  (as  indeed 
it  does  most  others),  and  large  quantities  of  it  are  left  amongst  the 
rubbish  in  the  wastes  from  whence  the  coal  has  been  wrought  out. 
The  circulation  of  air  through  these  wastes  has  the  effect  of  re- 
ducing, in  process  of  time,  even  the  hardest  parts  of  the  pyrites 
into  a  powder,  so  fine  as  to  be  soluble  in  water.  This  ficict  is  well 
known  to  those  who  are  acquainted  with  the  mode  of  making  sul- 
phate of  iron  from  iron  pyrites.  There  thus  appears  to  be  nothing, 
cither  extraordinary  in  the  particular  ingredients  of  this  water,  or 
incomprehensible  in  the  cause  of  their  being  found  in  it.  But  the 
sudden  appearance,  after  a  lapse  of  above  50  years,  of  such  a  strong 
discharge  from  the  mouth  of  an  old  filled  up  shaft,  to  lift  the  water 
from  the  bottom  of  which  formerly  required  the  employment  of  a 
long  pump,  IS  rather  more  curious  ;  and  though  alternating  springs 
are,  X  believe,  by  no  means  very  uncommon,  yet  the  history  of  this 
new  one,  since  the  period  of  its  being  cleared  out  and  shaped  into 
a  well,  may  perhaps  be  calculated  to  give  rise  to  some  interesting 
speculations,  and  from  the  form  and  arrangement  of  the  subter- 
ranean cavities  being  in  this  instance  in  some  measure  already 
known,  it  may  even  throw  some  general  light  on  the  causes  of  the 
alternations  of  other  springs,  where  conjecture  can  alone  be  em- 
ployed. 

Having  remained  at  Fountain  Hall  after  the  construstion^  Qi  \W 
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basin  of  the  well  until  May  IS,  I  had  an  opportunity  of  paying 
almost  daily  visits  to  it,  during  which  time  the  discharge  of  water 
continued  undiminished.  The  fame  of  its  tonic  powers  began  to 
spread,  and  people  came  in  considerable  numbers  to  drink  the  water, 
or  to  carry  it  off  to  a  distance  for  medicinal  purposes,  and  its  efficacy 
was  further  established  by  sanction  of  the  example  of  an  eminent 
medical  practitioner  at  Haddington,  who  sent  a  cart  and  cask  above 
seven  miles  for  it.  But  at  last,  in  the  month  of  September,  my 
father  remarked  a  considerable  diminution  in  the  discharge,  and 
soon  afterwards  a  total  failure  of  the  water  occasionally  taking  place, 
and  having  mentioned  these  his  observations  in  his  letters  addressed 
to  me  here,  he  was,  at  my  request,  induced  to  keep  a  register  of  its 
variations.  When  his  observations  became  regular,  they  were 
made  in  the  morning,  and,  according  to  the  length  of  the  day, 
from  six  to  eight  o'clock ;  and  in  the  afternoon  at  three  or  four 
o'clock. 

In  considering  the  memoranda  which  I  am  now  about  to  lay  x 
before  you,  the  letters  employed  in  marking  the  increase  or  decrease 
of  the  depth  of  water  in  the  ba^in  of  the  well,  with  the  time  of 
each  observation,  are  to  be  attended  to ;  R,  signifying  that  the  well 
^as  running  over  ;  F,  that  it  was  full;  In.,  means  the  inches  dowp, 
unless  when  specified  otherwise  ;.  M,  is  morning ;  and  A,  afternoon. 
It  is  also  to  be  noticed  that  the  degree  of  Fahrenheit's  thermometer 
having  been  remarked,  it  is  indicated  by  T;  and  afterwards  the 
elevation  of  the  barometer  having  been  also  attended  to,  its  height 
is  indicated  by  B. 

Register  of  the  intermittent  Appearances  in  the  Fountain  Hall 

Chalyleate  Spring, 

1815. 
Sept.  29,  R,  stopped. 
Oct.    3,  R,  slowly. 

5,  R,  iDcirased, 

6,  R,  stopped. 

8,  M,  ?  in.— 4  o'clock,  A,  F.  * 

9,  M,  R. 

10,  R,  increased  considerably. 

17,  R,  stopped. 

18,  M,  2  in. — 11  o'clock,  ,R. — A,  R,  greatly  inereased. 

19,  10  o'clock  forenoon  discharge  about  13  Englisli  pints  in  the  mifiate^ 
SI,  M,  R,  stopped.— Great  fall  of  snow  on  the  19th  and  SOtb. 

22,  A,  2  in. 

€3,  six  o'clock,  M,  R. — 10  o'clock,  R,  strong. 
^  26,  M,  F,  but  not  R. 

28,  M,  4  in. 

29,  M,  4  in.—A,  2  in. 

30,  M,  F. 

31,  A,  F. 

Xev.    1,  M,R,avery  little*— A,  ditto.  • 
2,  M,  K,  stopped. 
8,  M,2in.  '     : 

4,  M,  jin.— A,  F. 

5,  M,  i  in.— A,  F. 

8,  M,  R. — 10  o'clock,  R,  briskly. — A,iiB, 

T,  M,  H  in.— 10  o'clock,  ^  in.—A,  R. 

g,  M,  F.-9  o'clock,  i  in.— A,  R.  \ 


,  !i  in.— A,9i  ID. 
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VoT.  10,  H,  S  in.— A,  1  in. 
II,  M,  Sin,— A.F. 
IS,  H,  eifiht  ■'clock,  R,  at  (he  rsle  «r  ton  Engliih  pIoU  p«r  gdinite.~ 

nine  o'clock,  R,  >t»liped,  bat  F.— A,  S, 
13,  11  o'clock  forenoon  meainrcd,  mod  fonod  to  be  II,  at  the  rale  of  3D 

£ng1iibi  pinttinthe  mtaute.— A,  R,  ■ppaientlj  (till  briiker,   ' 
1*,  M,  8  ip.— A,  3  Id.  '  ■ 

15,  H,  3  io.— A,  3  iP. 

16,  H,  3  ia.— A,  3  in. 

17,  H,  S  li.— A,  5  in. 
IB,  M,  5}  in.— A,  5|  to. 
19,  M,4|in.— A,3lli. 

"    "       -A,«(a. 
91,  M,  !1  i 
SS,  M,  si  i 
«S,  M,3in.— A.'Sin. 
84,  M,  5  in.— A,  5  In. 
S5,  M,  4iiii.— A,  i+in. 
ee,  M,  4iu,— A,4in. 
81,  M,  9  in.— A,  S  in. 
£8,  M,  1«B  IbiD  a  in.-'A,  1  la. 
ao,  M,  less  than  1  in.— A,  S  in. 
90,  M,  «  in.— A,  K. 
Dec  I,  M,  8  in.— A,  8  in. 

8,  H,  3  in.- A,  0  In. 

3,  H,  not  qaite  3  in.— A,  dilto. 

4,  M,  I  in.— A,  3  io. 

9,  M,  3  in.- 1 1  o'clock,  I  in.— A,  R,  m  on  Not.  30,  equl  to  «  pipe  af  ^ 

iocb  bore. 
«,  M,  Sin.— A,  fiio. 

1,  M.  9  in.  w  hich  is  loner  Ibou  bu.a*  ycl  been  obMrred.- A,  S  la. 
e,  M,  1  in.— A,  4  In. 
9,  M,  4  in.— A,  &i  in. 

10,  M,  6  io.— A,  6  in. 

11,  U,  Si  in.— A,  U  In. 

12,  M,  4ii«.— A,4iiii. 

13,  M,  8  in.— A,  6  in. 

14,  M,  5  in.- A,  3  in. 

1&,  H,  R,  sircani  ihicknm  of  a  gnoae-qaill,— 11  o'clock,  iin.— A,  lla. 

16,  M,R,  as  jMlerday.— 10  o'clock,  F.— A,  F. 

IT,  M,3in.— T,ona(rpe,  Ifidef.  Snow,  I  locb  tbick.— A,T  in.  T.I9d^ 

18,  M.6in,     T,  ^6dfg.— A,6iii,    T.i^ieg. 

19,  M,  6J  in.     T,  26  deg.     Continued  fail  of  Dloir.— A,  6}  in,,  and  cft. 

Tried  with  sBhect  of  fee,    T,21  deg,    Snoir,  eigbt  Inckesdeep. 
N,  U,  4in.    T,  SSdeg.    Ice  mellnl.    Snon  continoM  to  &U.— A,  41*. 

T,  38  dtg.     Snow,  12  incbei  derp. 
21,  M.Tin.    T,  33  deg.— A,  8  In.    T,  SSdff. 

55,  M,  8  in.    T,  89  deg.    Conllnned  fall  of  now.— A,  B  In.    T,  ST  deg. 

Snow  aboDt  a  fool  deep. 
S3,H,3in.    T,  32  cleg.— A,]  J  in.    T,  36  deg. 
84,  M,Sio.     T,  34dcg.— A,4in.    T,34d^. 
25,  M.lOio.    T, '2T  di-g.  at  eight  pVock,  and  83  deg.  Bl  nine  o'clock.— 

A,  at  four  o'clock,  II  in.,  not  oneineb  of  nfttcr  fcmBining  In  It. 

T,  18  deg. 

56,  M,  4  in.    T.  ST  deg.— A,  I  in.    T,  38  dey. 

2T.  H,  T  in.    T,  3i  deg.— A,  1 1  in.,  a<  on  tbc  25tb.    T,  80  deg.    . 

S8,  M,  9  In.    T,  38  drg.— A,  6}  in.    T,  36  deg. 

89,  M,  6}  In.    T,  39  deg.— A,  3  in,    T,  46  d^. 

30,  M,  not  a  drop  of  watpr  in  the  well,  nalwitbitandlng  the  great  flood 

occasioned  by  the  metting  of  Ibe  toow.    T,  80  deg.— A,  iame  ai  In 

the  morning.    T,  33  drg. 
Bl,  H,  i  in  incb  of  water  In  the  well.    T,  43  da.— A,  one  fadi  of  ifaUr 

latbewell.    7,43  deg. 
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2, 

», 
6, 
7, 
8, 

0, 
10, 

II, 
12, 

IS, 
M, 

15, 
16, 

Ih 

18, 

19, 

^', 

23, 
24, 
«5, 

26, 

27, 

29, 

30, 

31, 

feb.     1, 

S, 
3, 
4, 
5. 
6, 

8, 


M,  8 
M,  6 
M,  6i 
M,  8 
M,  7 
M,  S 
M,  8 
M,  24 
M,  6} 
M,  6 
M,  li 


n. 
n. 
n. 
n. 
n. 
n. 
o. 

0. 

n. 
n/ 
n. 


T,  42  deg.— A,    7  io.    T,  43  def . 

T,  42.deg.— A,    6  in.    T^  43  dcg. 

T,  34  deg.— A,    8  in.    T,  32  deg.  / 

T,  37  deg.— A,    7  in.    X,  43  deg. 

T,  43  deg.— A,    7  in.    T,  43  deg. 

T,  37  deg.— A,    ^  iu.    T,  36  deg. 

T,  32  deg.— A,  10  in.    T,  32  deg. 

T,  41  deg.— A,      Jin..   T,  46  deg. 

T,  39  deg.— A,    7  in.    T,  37  deg. 

T,  37  deg.— A,  .6  in.  T,  42  deg. 
_,  -^  .-.  T,  37  deg.— A,  6  in.  T,  37  deg. 
M,  not  above  a  spoonful  of  wate/  in  the  well*    T,  ^  dac.— A,  6  in. 

T,  36  deg. 
M,  Si  in.    T,  35  deg.— A,  7  in.    T,  35  deg. 
M,  not  a  drop  of  water  in  the  well.    T,  32  deg«—- A,  no  water.    T, 

32  deg. 

M,  7i  in.    T,  32  deg.— A,  7  in.    T,  35  deg. 

M,  9|  in.    T,  32  deg.    Fall  of  snow  i^  of  an  inch  deep«— A«  9^  in.    T, 

'    32  deg. 

M,  li  in.    Fall  of  snow,  with  a  violent  stom  of  wind  at  west.    T, 

33  deg.— A,  6  In.  *  Storm  of  wind  continues.    T,  34  d^. 

M,  not  an  inch  of  water  In  tlie  well.    T,  32  deg.    Snow,  3  inches 

deep. — A,  same  as  In  the  morning.    T,  32  deg. 
M,  one  inch  of  water  in'the  well.  T,  30  deg. — A^  not  an  iach  of  watar 

in  the  well.    T,  39  deg. 
M,  7    in.     T,  28  deg.— A,  7    in. 
M,  7^  in.    T,  S3  deg — A,  9    in. 
M,  9    in.    t,  34  deg.— A,  9    in. 
M,  8     in.     T,  33  deg.— A,  7i  in. 

^,  7 J  in.    T,  34  deg.— A,  7     in.     _, 

M,  7    IB.    T,  34  deg.     An  additional  fall  of  snow  aadileet,  which 

melted  as  it  fell. — A,  7  in,     T,  34  deg. 
M,  8i  in.    T,  34  deg.— A,  9  in.     T,  34  deg.    Great  fall  of  sleet  during 

the  day,  and  much  surface  water  from  it  and  the  melting  of  snow. 
M,  no  water  in  the  well.     T,  32  deg. — A,  no  water.    T,  32  deg. 
M,  well  dry.     T,  28  deg.— A,  well  dry.     T,  30  deg. 
M,  well  dry.     Leaves  frozen  in  the  bottom.     T,  21  deg.-^A,  a  small 

quantity  of  water  in  the  well,  not  an  inch  deep.    T,  23  deg. 
M,  9    in.    T,  19  deg.— A,  7    in.    T,  23  deg.    Water  frozca. 
M,  6    in.    T,  27  deg.— A,  6    io.    T,  33  deg. 
M,  5^  in.    T,  27  deg.— A,  5^  in.     T,  33  deg. 
M,  5    in.    T,  33  deg.— A,  5    in.    T,  35  deg. 

in. 


T,  30  deg. 
T,  34  d^. 
T,  34  deg. 
T,  34  deg. 
T,  34  deg. 


M,  4 
M,  6 
M,  6 

M,  7 
M,  7 


in. 
in. 
in. 
in. 
in. 


T,  33  deg.— A,  4 

T,  35  deg. — A,  6  in. 

T,  35  deg.— A,  7  in. 

T,  35  deg.- A,  6  in 


T,  37  deg. 
T,  37  deg. 
T,  33  deg. 
T,  ^  deg. 


T,  25  deg.    Fall  of  snow,  with  high  wind  at  north-east. 


r  -y      —  ^  .C*  *       V^  -  -    -     —  ^  ^ 

since  yesterday  afternoon. — A,  7  in.    T,  27  deg. 


10, 

11, 

12, 

13, 
14 

^b 

16, 

l'» 

18, 


M,  7  in.~  T,  22  deg.  Water  in  the  well  frozen.  Fall  of  snow  from 
Borth-west. — A,  7  ia.,  aad  frosen.  T,  28  deg.  Snow,  two-  inche 
deep. 

M,  7  in.    Hard  frozen.    T,  17  dc|^.— A,  7  in.    T,  23  deg. 

M,  Sin.    T,  28  deg.— A, 5  in.     T, 34 deg. 

M,  5i  in.,  and  hard  froze*.    T,  27  deg.— A,  8  in.    t,  28  icg. 

M,  a  cake  of  ice  about  an  inch  thick  taken  off,  and  nol  a  drop  of  wafer 
below.    T,  27  deg. — A,  a  little  water. 

M,  7  in.    T,  36  deg.— A,  7    in.    T.  38  deg. 

M,  7  ia.    T,  38  deg.— A,  7    in. 

M,  6  in.    T:,  40  deg.— A,  5    in. 

M,  3  in.    T,  42  deg.— A,  3    in. 


M,  7  in.    a*,  31  deg.— A,  7^  in. 
M,  6  in.    T,  31  deg.— A,  4    in. 


T,  38  deg. 
T,  43  deg. 
f ,  38  deg, 
T,  31  deg. 
%  42  deg. 
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Feb.  19,  M,  6i  io.  T,  S6  deg.— -A,  4  in.  T,  31  de;. 

20,  M,  4    in.  T,  42  de^.— -A,  2  in.  T,  45  deg. 

21,  M,  TJ  in.  T,  35  deg— A,  8  in.  T,  41  dcf. 

22,  M,  5{  in.  T,  42  deg.— A,  3  in.  T,  46  deg. 

23,  M,  8    in.,  T,  35  deg.— A,  6  in.  T,  45  disg.  "^ 

24,  M,  6    in.  T,  44  deg.— A,  4  in.  T,  43  deg. 

25,  M,  2    in.  T,  38  deg.— A,  4  in.    T,  35  deg. 

26,  M,  9    in.  T,  82  deg.— A,  9  in.  T,  38  deg. 

27,  M,  1    in.  T,  42  deg.    Between  the  houn  of  iO  and  11  o*cloc1i  fim». 

noon  stopped  a  leak  in  the  basin,  when  the  water  rote  to  the  brim.  An 
attempt  was  then  made  to  empty  the  well  to  the  bottom  ;  but  io 
lowering,  the  growth  of  water  gradually  increased ;  and  wh^u 
about  five  or  sii  inches  down,  the  msh  became  so  strong,  that  two 
men  relieving  one  another  were  not  able  to  gain  upon  it  $  and  whea 
they  desisted,  it  again  rose  wealcer  and  weaker  until  it  was  brim 
foil,  when  it  stopped.  Between  three  and  four  o'clock  in  the  afler- 
•  noon,  a  similar  attempt  was  made  to  empty  the  basin,  but  was  agaia 

unsuccessful. — A,  5  o'clock,  1  in.    T,  41  deg.      a^ 

28,  M,  8  in.    T,  29  deg.     10'  o'clock,  8  in.,  when  one  man  with  easa 

emptied  the  basin,  and  cleaned  it  out ;  It  then  soon  rose  to  its  former 
level  of  8  in.— A,  4  o'clock,  8  in.    T,  32  der. 

29,  M,  6  in.    T,  29  deg. 

March  1,  M,  6  in.    T,  22  deg.    Snow  on  the  gronndy  but  soon  melted  «i-A,  5  ii^ 
T,  33  deg. 
«,  M,  «  in.     T,  32  deg.— A,  2  in.    T,  36  deg. 

3,  M,  1|  in.    T,  33  deg.— A,  1^  in.     T,  38  deg. 

4,  M,  l}  io.    T,  33  deg.— A,  3  in.     T,  36  deg.    Heavy  shower  of  sleel. 
by  M,  2iin.     T,  32  deg.     These  last  four  days  the  ground  white  wii^ 

snow  in  the  morning,  which  melted  during  the  day. — A,  5  in.    T, 

38  deg. 
6,  M,  5  in.    T,  S3  deg.    &  2S*8$  inches.— A,  41  in.    T,  38  deg.    R 

28-86  inches.  *  .  »      -^ 

Hf  M,  6  in.    T,  32  deg.    B,  28*90  inches.     Trees  and  ground  whlte« 

Snow  still  falling.— A,  1  in.    T,  34  deg.    B,  S8-91  inches.    Frc» 

quent  showers  of  sleet  daring  the  day,  which  soon  melted. 
S|  M,  6^  in.    T,  29  deg.     B,  28'96  inches.    Fall  of  snow  two  Inchet 

deep,  and  a  continuance  of  heavy  showers  from  the  east.—- A,  7  in, 

T,  33  dc^.     B,  29*02  inches.     Snow  near  three  inches  deep. 
%  M^  9  in.    T,  26  deg.     B,  29*24  inches.    Snow  as  yesterdav.— A,  7|  ia» 

T,  35  deg.    B,  29*30  inches.      Bright  sunshine,  and  part  of  tbf 

snow  melted, 
to,  M;  6i  in.    T,  27  deg.    B,  29*30  inches.— A,  6}  in.    T,  36  deg.    B» 

29-30  inches. 

11,  M,  2  in.    T,  41  deg.    B,  29*16  inches.— A,  }  in.   T, 48  d<>g.    B,  29*03 

inches.    Snow  sul  gone. 

12,  M,  5  in.    T,  39  deg.    B,  29-10  inches.- A,  1  in.    T,  43  deg.    B, 

28*98  inches.  Tremendowi  shower  of  hail  and  rain,  with  a  harricana 
of  wind. 

13,  M,  S|  in.    T,  36  deg.    B,  29*08  inches.    Ground  partly  white  witii 

■now.— A,  7i  in.    T,  36  deg.    B,  29*19  inches. 

14,  M,  Ti  io.    T,  31  deg.    B,  29*43  inches.— A,  3^  in.    T,  35  dt%.    B» 

29-10  inches.    Fall  of  sleeU 

15,  M,  R,  which  it  has  not  done  since  Dec.  16.    T,  40  6eg.    B,  28*80 

inches.  10  o^clock,  T,  33  deg.  II  o'clock,  1  in.— A,  5  in.  T,  3T 
deg.  B,  29  inches.  Fall  of  now  and  sleet  during  the  day,  and 
the  ground  white. 

16,  My  7  in.    ,T,  31  deg.    B,  29*25  inches.    1 1  o'clock^  8  in.— A,  6^  in. 

T,  36  deg.    B,  29^  inches.    Showers  of  sleet. 

17,  If,  6  in.    T,  29  def .    B,  29*29  iorbes.    The  ground,  white  wifk  snow 

—A,  4  in.    T,  37  deg.    B,  29*20  inchra.    Sbowen  •f  fleet, 

18,  M,  R,  T,  40  dc|;.    B,  28*98  inches.     11  o'clock,  stopped  mnoing,  hot 

brim  i«ll.— A,  it^  but  hardly  perceptible^  T,  S8  dcf.  B^  38*99 
iDdiet. 

5 
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Account  of  the  Aluminous  Chalyleaie  Spring 

19,  M,3iD.    T,36deg.  B.SSinehes.    It  o'clock,  6  in.— A,  rum 

9  \n.    T,  42  dcg.     B,  2S'S8  inches. 
SO,  M,  »ii  o'clock,  10  in.    T,  33  deg.    B,  99-6 


mi 


I 


I 


It  had  occurred  to  me  that  the  causes  of  the  alternations  in  tha 
spiing  might  be  chiefly  owing  to  a  body  of  water  in  the  coal  waste*} 
being  balanced  between  a  column  of  air  at  their  extremity  and  the 
Htmospheric  air  at  the  mouth  of  the  well,  the  variations  in  the 
weight  and  pressure  of  the  latter  being  the  origin  of  the  reciproca- 
tions in  the  discharge.  A  consideration  of  the  foregoing  register, 
which  I  lately  received,  gives  nie  greater  confidence  in  the  truth  of 
this  theory.  That  this  may  be  better  understood,  let  Plate  LI, 
Fig.  7)  represent  a  section  of  the  wooded  bank,  of  which  let  A  be 
the  mouth  of  the  well,  directly  over  B,  the  old  filled  up  shaft,  auA 
let  C,  D,  K,  represent  the  old  coal  waste.  Now  it  is  to  be  re- 
marked that  the  dotted  line,  G  g,  in  the  hollow,  being  the  boundary 
between  the  properties  of  Fountain  Hall  and  Wood  Hall,  the 
whole  of  the  coal  under  the  bank,  F,  on  the  north  side  of  the 
boundary,  had  been  previously  wrought  out  by  its  proprietor.  Some 
of  the  miners,  therefore,  in  C,  D,  E,  took  advantage  of  this  cir- 
cumstance, and  broke  through  a  small  opening  at  the  point  g,  so  u 
to  allow  the  water  to  escape  from  C,  D,  £,  at  the  bottom  of  the  pit, 

B,  into  the  wastes  below  F,  and  thus  to  do  away  the  necessity  of 
continuing  to  employ  a  pump  in  B,  to  lift  the  water  of  their  mine 
to  the  surface.  The  coal-mine  under  F  being  furnished  with  a  level 
driven  from  a  different  quarter,  this  expedient  of  the  miners  in 

C,  D,  E,  would  probably  serve  to  prevent  the  water  from  accumu- 
lating in  their  mine,  not  only  whilst  the  coal  was  working  there, 
but  for  years  after  it  was  abandoned,  until,  from  the  operation  of 
<ome  unknown  cause,  most  likely  from  the  falling  in  of  the  roof  at 
ihat  place,  the  small  opening  at  g  must  have  been  at  last  so  effec- 
tually choaked,  as  to  allow  no  more  water  to  escape  that  way,  when 
in  consequence  it  would  gradually  collect,  and  swell  up  considerably 
above  the  point  D,  the  line  of  level  of  the  basin  of  the  well.  A, 
until  its  weight,  aided  perhaps  at  first  in  some  degree  by  a  species 
of  capillary  attraction  existing  in  the  loose  and  comminuted  mate- 
rials with  which  B  was  filled  at  the  time  of  the  work  being  aban- 
doned, the  water  would  be  at  first  drawn,  and  afterwards  forced  up, 
through  B,  and  gradually  forming  a  pipe  for  itself,  would  burst  out 
in  a  strong  current,  forming  the  spring,  A.  It  would  thus  continue 
to  run  from  A  for  a  length  of  time  equal  to  that  required  for  draining 
the  water  down  to  the  level,  D,  which,  from  the  great  extent  of 
lurfacc  of  the  under  ground  reservoir,  would  be  very  considerable. 
It  is  obvious  that  this  vast  subterranean  body  of  water,  operating  ai 
a  solvent  on  iron  pyrites,- previously  rendered  friable,  and  prepared 
by  the  action  of  the  air,  would  become  highly  impregnated  with 
sulphate  of  iron ;  and  as  this  water,  D,  E,  must  naturally  be  sup- 
plied in  some  measure  from  spVings  running  through  ihe  remaindei 
•f  tlie  waste,  C,  it  Is  probable  that  small  quantities  of  the  mineral 
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will  be  constantly  washed  from  the  rubbish  through  which  thtse 
supplies  must  pass  into  the  large  reservoir;. the  strength  of  the 
impregnation,  therefore,  as  well  as  the  quantity  of  water  in  D  £, 
will  thus  be  kept  up. 

And  now  as  to  the  alternating  phenomena  of  the  spring.  The 
waste,  C,  being  unoccupied  by  water,  must  be  filled  with  air,  which 
is  confined  in  it,  something  like  that  in  the  upper  end  of  the  tube 
of  an  air  thermometer.  This  air  is  probably  in  a  great  measure 
carbureted  hydrogen  gas,  which,  being  of  a  lower  specific  gravity 
than  atDQOspberical  air,  possesses  more  elasticity  and  compressibility. 
It  is,  therefore,  evident  that  the  body  of  water,  D,  E,  A,  will  be 
pressed  upon  by  two  difierent  columns  of  air,  viz.  at  the  two  extre- 
idities,  J)  and  A;  and  it  will  then  depend  upon  the  different  relative 
degrees  of  pressure,  exerted  by  these  respective  columns,  whether 
the  water  shall  be  prevented  from  flowing  out  at  A,  at  least  until  a 
sufficient  accumulation  of  it  occurs  in  the  waste  to  raise  it  to  such  a 
height  at  the  extremity,  D,  as  by  its  superior  weight  te  overcome 
the  pressure  from  the  external  atmosphere  at  A.  The  irregular 
ebbing  and  flowing  of  this  spring  is,  therefore,  owing  to  the  irre- 
gular increase  or  diminution  of  the  pressure  of  the  exterior  atmos* 
phere,  the  eflect  of  which  is  perhaps  in  some  degree  modified  by 
some  causes  of  a  difierent  description,  existing  in  the  interior  of  the 
excavations.  An  abstract  of  the  averages  of  the  state  of  the  baro- 
meter, in  each  respective  stage  of  the  depression  of  level  of  the 
water  in  the  basin  of  the  well,  drawn  out  from  that  part  of  the 
register  where  the  barometer  is  marked,  will  in  some  degree  prove 
the  truth  of  ttib  theory,  though  the  period  of  the  barometrical 
observation  is  hardly  extensive  enough  for  the  purpose  of  obtaining 
any  approximation  to  an  absolutely  correct  conclusion.  It  will  be 
observed,  however,  that  (if  we  except  the  anomaly  as  to  No*  8, 
which  number  is  not  from  an  average,  but  the  result  of  one  observa- 
tion only)  No.  1  in  the'following  table,  where  the  well  runs  over, 
has  the  least  atmospherical  pressure  upon  it,  whilst  No.  16,  where  it 
is  nearly  empty,  has  the  greatest : — 


No. 

Height  of  water  io 

Average  of 

No. 

Height  of  water  in 

Average  of 

4,^  V« 

the  basin. 

Barom. 

the  batin. 

Barom. 

Inches. 

1 

Incbcf. 

1 

Running  over. 

28-92 

9 

5  in.  down 

28-98 

2 

-I  in.  down 

2y-02 

10 

5^ 

29-08 

3 

I 

28-98 

11 

6 

29-04 

4 

2 

29-16 

12 

•      H 

29-20 

5 

3 

29- 

13 

7 

29-06 

6 

H    . 

29-10 

14 

7i 

29-30 

7 

4 

29-20 

V5 

9 

29-31 

8 

•       H 

28-36 

16 

10 

29-68 

L 


jicconnl  of  the  Abimmmis  ChalyLeale  Spring 
Tbe  failure  of  ihc  nttcmpC  innde  lo  empty  the  well  on 
is  eajily  accounted  for  by  the  siiine  tlieorj  ;  for  in  proportioai 
water  came  to  be  dimiiiislied  in  height  at  A,  the  weight  at  D 
be  increased  hy  the  level  there  being  rendered  higher  than 
A,  and  would  consequently  by  its  pressure  Jnciease  the  disci  „ 
water  into  the  well.  And  as  the  surface  of  water  at  D  nut 
supposed  to  be  very  extensive,  the  level  at  that  place  would 
infinitely  longer  time  to  reduce  in  height  than  that  of  the  lii 
surface  A  would  do,  by  the  exertiops  of  the  men  tiiere,  and 
weight  at  D  would  operate  fur  a  proportionably  longer  time, 
success  attending  the  attempt  of  Feb.  '2Q  must  have  been  owing  to 
a  peculiar  increase  of  atmospherical  pressure  at  the  time,  which  i) 
indeed  manifested  by  the  water  in  the  hasin  sinking  from  one  inch  te 
eight  inches  down.  The  following  extract  from  Mr.  Seoti's  letiet 
shows  that  his  opinion  as  to  the  c.-iuses  of  the  alternations  of  tbii 
spring  nearly  coincides  witii  mine  : — 

"  With  respect  to  the  ebbing  and  flowing  of  the  water  in  thf 
well,  it  is  evidently  occasioned  by  the  changes  which  take  place  ig 
the  atmosphere ;  for  when  the  atmosphere  becomes  dense,  the  sir 
will  act  on  the  surface  of  the  water  in  the  well  so  as  to  force  pari  of 
it  to  enter  the  wastes ;  and  when  the  atmosphere  becomes  rare,  th< 
expansion  of  the  uir  in  the  wastes  will  act  upon  the  surface  of  lltt 
water  there,  so  as  to  occasion  that  in  the  basin  of  the  well  to  rise. 
This  ctlcet  would  be  instantly  destroyed,  if  an  opening  was  made 
from  the  surface  into  the  wastes,  so  as  to  make  a  free  communicatiott 
between  the  air  of  the  wastes  and  that  of  the  atmosphere.  Some 
years  ago,  as  I  was  trai'elling  along  a  road  near  to  East  Houses, 
during  a  heavy  summer  shower  of  rain,  my  attention  was  arrested 
by  the  noise  occasioned  by  the  forcible  blowing  of  water,  in  a  hollow 
recently  filled  by  the  shower.  On  examination,  I  found  that  thil 
hollow  was  immediately  over  an  old  coal  waste,  which  led  me  to 
ennclude  that  the  boiling  was  occasioned  by  a  sudden  change  ia  tbi 
}itmos{>here.  The  boiling  was  equal  to  the  force  of  that  occasioned 
in  waicr  by  the  pipe  of  a  small  pair  of  hand  bellows.  I  bad  no 
oppotliniily  of  learning  if  a  sudden  fall  in  the  barometer  had  taken 
p4«ee  (K  the  time,  Init  there  was  no  reason  to  doubt  it.  The  diffi- 
culty found  in  attempting  to  empty  the  well  shows  that  the  water 
in  it  is  on  a  level  with  a  laige  quantity  in  the  wastes.  The  nvW  that 
supplies  the  house  at  OmiUton  Hall  (the  Earl  of  Uopetuuti's)  is  also 
conrtected  with  an  old  coal  waste.  An  attempt  was"  once  made  to 
empty  it,  but  it  was  found  impracticable." 

The  rationality  of  the  explanation  which  I  have  ventured  to 
offer,  of  the  aiternatious  in  the  discharge  of  water  from  the  Fouotaia 
Hall  alumino-chalyheaic  spring,  would  be  better  established  by  a 
regular  and  more  extensive  journal  being  kept,  of  the  height  of  the 
barometer,  and  that  of  the  water  in  the  well,  and  by  comparisons 
made  between  the  two  at  thes&me  period.  Should  this  comraunica- 
lioQ  seem  to  oierit  your  attention,  the  barometrical  observatioai 
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might  be  resumed  on  this  plan.  But  I  m«y  have  already  enlarged 
mo  much  on  a  subject  which  may  perhaps  be  more  interesting  to 
Bjiclf  than  to  any  of  your  readers. 

I  am^  Sir,  your  obedient  humble  servant, 

Thomas  Lauder  Dick, 


•  

Article  IIL 

Of  the  Quadrature  of  the  Circle. 

Of  all  the  problems  of  speculative  geometry  that  have  attracted 
die  attention,  and  occupied  the  ingenuity  of  the  most  eminent  ma- 
thematicians, both  ancient  and  modern ,  there  Is  none  of  greater 
celebrity  than  the  quadrature  of  the  circle.  The  attempts,  indeed, 
at  solving  this  problem  have  been  for  some  time  abandoned ;  and 
it  is  now  generally  reduced  to  the  same  class  of  desiderata  as  the 
transmatation  of  metals,  or  the  universal  panacea ;  that  is,  it  ii 
considered  as  of  impossible  attainment.  Its  impossibility,  however, 
though .  now  so  generally  admitted,  has  never  been  clearly  proved, 
nor  the  cause  of  it  by  any  means  distinctly  understood.  Indeed, 
there  are  good  reasons  for  supposing  tliat  even  yet  very  erroneoua 
opioMU  are  entertained  respecting  the  nature  of  this  problem  by 
our  most  eminent  mathematicians ;  and  that  although  its  solution 
be  impossible  by  any  of  the  methods  which  have  been  most  in 
repute  among  tM  moderns  for  that  purpose,  it  may  be  considered  aa 
possible  by  another  method,  which,  though  perhaps  strictly  geome- 
trical, has  been  in  modern  times  treated  with  general,  though  unde- 
served, neglect.  On  this  account  our  mathematical  readers  will 
probably  think  their  time  well  employed  while  we  recal  their  aiten- 
tion  to  the  history  of  this  celebrated  problem,  and  of  the  various 
attempts  which  have  been  made  towards  its  resolution,  as  well  qs  to 
the  general  principles  by  which  alone  we  can  decide  upon  its  possi- 
bility or  impossibility. 

Euclid,  the  celebrated  father  of  the  ancient  geometry,  has  made 
no  direct  attempt  towards  the  quadrature  of  the  circle,  although  he 
-has  done  much  to  facilitate  the  solution  of  this  problem,  fie  has 
shown  the  proportion  which  all  circles  bear  to  one  another,  viz.  the 
duplicate  proportion  of  their  diameters ;  and  he  has  taught  us  how 
to  inscribe  in  a  circle  a  regular  polygon  of  so  great  a  number  of 
sides  that  it  should  not  touch  another  circle  concentric  with  the 
former,  although  their  circumferences  should  be  ever  so  near  to 
etch  other.  It  was  evident,  therefore,  that  to  approximate  vvithin 
toy  required  limits  to  the  rectification  or  measurement  of  the  cir- 
cular perimeter,  it  was  only  necesf^ary  to  invent  a  method  of  mea- 
luring  the  perimeter  of  such  an  inscribed  polygon.  This  was  ac- 
complisbed  to  a  great  degree  of  accuracy  by  Archimedes,  who  took 
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up  the  sutgect  where  Euclid  had  left  if,  and  has  displayed  an  ud- 
common  portion  of  ingenuity  in  the  mensuration  of  this  and  of 
various  other  curvilinear  magnitudes.  Archimedes  demonstrated 
that  the  area  of  a  circle  is  equal  to  that  of  a  right-angled  triangle 
whose  hase  is  equal  to  the  radius>  and  its  altitude  equal  to  the  cir- 
cumference,  of  the  circle ;  and  consequently  may  be  found  by 
taking  half  the  rectangle  or  product  of  the  radius  into  the  circum- 
ference. The  quadrature  of  the  circle,  therefore,  is  reduced  to  the 
rectification  of  its  perimeter,  or  to  the  determination  of  the  pro- 
portion between  that  and  the  radius  or  diameter. 

To  find  this  proportion  as  nearly  as  might  be  required,  Archi- 
medes set  himself  about  the  measurement  of  the  perimeters  of 
polygons  inscribing  and  circumscribing  a  given  circle  with  any  re- 
quired number  of  sides.  From  his  various  calculations,  it  appears 
that  the  perimeter  of  a  circumscribing  regular  polygon  of  1 92  sides 
is  to  the  diameter  in  a  less  ratio  than  that  of  3|^  to  1,  and  th^t  the 
perimeter  of  an  inscribing  polygon  of  'D6  sides  is  to  the  diameter  in 
a  grater  ratio  than  that  of  S^  to  i.  It  follows  that,  a  fortiori^ 
the  circumference  of  a  circle  is  to  its  diameter  in  a  less  ratio  than 
that  of  3-^  to  1,  and  in  a  greater  ratio  than  that  of  3^  to  1.  It 
may,  therefore,  be  assumed  as  very  nearly  in  the  ratio  of  3-^  to  1, 
or,  in  whole  numbers,  as  22  :  7^  which  would  give  the  proportion 
between  the  area  of  the  circle  and  the  square  of  its  diameter  as  11 
to  14. 

Some  of  the  ancient  mathematicians  carried  the  approximation 
to  the  quadrature  of  the  circle  further  than  had  been  done  by  Archi- 
medes ;  but  they  have  been  greatly  excelled  in  this  respect  by  the 
moderns.  Vieta  and  Metius  made  the  proportion  between  the 
diameter  and  the  circumference  to  be  as  133  :  355,  which  is  withia 
about  i  0006066066^^  V^^^  ^^  ^^^  *^^  ratio.  This  accuracy,  how- 
ever, was  greatly  exceeded  by  that  of  Ludolph  van  Collen,  or 
Ceulen,  who  with  astonishing  industry  and  perseverance  extended 
the  approximation  to  36  places  of  decimals ;  and  the  process  was 
afterwards  repeated  and  confirmed  by  his  editor,  Snellius.  Accord- 
ing to  this  investigation,  if  the  diameter  of  a  circle  be  1,  its  cir- 
cumference will  be3-U  l59265358979323846264338327950288-f- . 

About  this  period  several  false  pretensions  were  advanced  to  the 
perfect  quadrature  of  the  circle  by  men  of  some  degree  of  science, 
who  either  deceived  themselves,  or  were  induced  by  an  unjustifiable 
vanity  to  attempt  at  deceiving  others.  Indeed,  nothing  has  given 
rise  to  more  paralogisms  and  false  pretensions  among  mathematicians 
than  the  endeavours  to  supply  this  great  desideratum  in  the  science., 
It  was  a  pretension  of  this  kind  in  Joseph  Scaliger,  who  was  more 
of  a  man  of  letters  than  a  mathematician,  that  gave  rise  to  the 
yiolent  contest  between  him,  on  the  one  side,  and  Vieta,  Clavius^ 
&c.  on  the  other,  who  showed  that  the  measure  assigned  by  Sca- 
liger was  a  little  less  than  that  of  the  inscribed  dodecagon.  Soon 
after  the  famous  Hobbes  imagined  that  he  had  found  out  the  qua?- 
drature  of  the  circle ;  and  being  refuted  by  Dr.  Wallis^  be  wrote  a 
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treatise  to  prove  that  the  whole  system  of  geometry^  as  then  taught, 
was  nothing  but  a  series  of  paralogisms.  This  work  he  entitled, 
Oe  Ratiocinils  et  Fastu  Geometrarum.  Longomontanus,  also,  a 
I  very  respectable  mathematician ,  was  among  the  number  of  those 
that  pretended  to  have  discovered  the  real  quadrature  of  the  circle, 
ind  to  be  able  to  assign  it  in  numbers. 

Equally  absurd  were  the  pretensions  of  those  who  endeavoured  to 
Muare  the  circle  by  certain  mechanical  and  practical  expedients. 
Ilius  the  Cardinal  de  Cusa  thought  to  succeed  by  rolling  a  circle  or 
qrlinder  over  a  plane,  and  measuring  the  length  of  the  line  de- 
scribed during  a  complete  rotation ;  and  Oliver  de  Serres  believed 
that  by  weighing  a  circle  and  a  triangle  equal  to  the  equilateral 
triangle  inscribed  he  had  found  that  the  circle  was  exactly  double  of 
the  triangle,  not  being  aware  that  this  double  is  exactly  the  hexagon 
inscribed  in  the  same  circle.  Others  have  been  so  infatuated  as  to 
efo  considerable  sums  of  money  to  those  who  should  prove  their 
pretended  quadratures  of  the  circle  false.  This  was  the  case  with  a 
Sieur  Matbulon,  mentioned  by  Montucla,  who,  from  a  manufac* 
turer  of  stuffs  at  Lyons,  commenced  geometrician  and  mechanist ; 
as  well  as  with  another  Frenchman,  of  some  property,  who,  accord- 
ing to  the  same  authority,  about  40  years  ago,  deposited  a  sum  of 
iDoney  to  this  effect ;  and  whose  pretended  quadrature  consisted  in 
dividing  a  circle  into  four  quadrants,  and  turning  these  outward,  so 
fts  to  form  ia  square.  Such  ridiculous  pretensions  can  only  be 
classed  with  the  notion  of  Henry  Sullamar,  a  real  Bedlamite,  who 
iwnd  the  quadrature  of  the  circle  in  the  number  GSS  inscribed  on 
tke  forehead  of  the  beast  in  the  Revelations. 

No  sooner  was  the  method  of  fluxions  invented  by  Sir  Isaac 
Newton,  and  made  known  to  the  mathematical  world,  than  mathe- 
maticians began  again  to  form  sanguine  hopes  of  being  able  to 
square  the  circle,  on  account  of  the  admirable  expedients  which 
this  method  possessed  for  facilitating  the  quadrature  of  all  kinds  of 
curves.  According  to  this  method,  the  quadrature  of  any  space 
was  reduced  to  the  determination  of  the  fluent  of  a  given  fluxion ; 
but  this  is  a  problem  not  capable  of  a  solution  in  general  terms. 
For  though  in  all  cases  we  can  assign  the  fluxion  of  a  given  fluent, 
the  reverse  of  this  problem  can  be  effected  only  in  particular  cases. 
Among  the  exceptions  was  found  to  be  the  circle,  in  respect  to  all 
the  forms  of  fluxions  by  which  its  area  can  be  expressed,  to  the  no 
small  mortification  of  mathematicians.  Another  expedient  was 
adopted,  with  a  view  of  obtaining  a  more  fortunate  result,  by  means 
of  infinite  series.  The  fluent  expressing  the  fluxion  of  any  area  in 
general,  though  not  accurately  assignable,  could  always  be  ex- 
pressed in  the  form  of  an  infinite  series,  which,  therefore,  gave  a 
general  expression  for  every  area.  On  substituting  for  particular 
cases,  this  series  was  often  found  to  break  off  and  terminate,  and  so 
to  afford  an  area  in  finite  terms.  But  here  also  the  area  of  the 
circle  proved  refractory ;  for,  notwithstanding  every  substitution,  it 
always  remained  an  infinite  series. 
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The  labours  of  matliematicians,  however,  towards  the  quadratnii 
of  the  circle  by  means  of  ihe  fluctionary  calculus,  were  not  aito- 
^iher  useless.  They  assiduously  empliiyed  lliemselvcs  in  discoveiw 
ing  acd  selecting  the  best  forms  of  series  for  approximating  to  the 
circukr  area;  among  which  those  were  evidently  to  be  preferred 
whieli  were  at  once  simple  and  quickly  converging;  but  these  mn- 
lilies  were  but  rarely  united  in  the  same  series,  the  quality  of  sim- 
plicity being  found  almost  incompatible  with  that  of  a  rapid  cod> 
vergcncy.  Thoseseries  which  converged  the  quickest,  and  were  it 
the  same  time  possessed  of  most  simplicity,  were  found  to  be  those 
ID  which,  besides  the  radius,  the  tangent  of  some  certain  arc  of  the 
circle  was  the  quantity  hy  whose  powera  the  series  converged.  A 
remarkable  series  of  this  kind  was  given  by  Dr.  Edmund  Halley 
from  the  tangent  of  30  degrees,  by  means  of  which  the  industrious 
Mr.  Abraham  Sharp  computed  the  area  of  tlie  circle  to  72  places  of 
decimals.  But  even  this  was  afterwards  far  exceeded  by  Mr.  Joha 
Machin,  who  gave  a  series  at  once  so  simple  and  so  rapidly  con- 
verging, that  by  means  of  it,  in  a  very  little  time,  he  extended  tbe 
f)uadraturc  of  the  circle  to  100  places  of  figures  j  to  which  M.  de 
Lagny, in  the  Mem.  del' Acad.  1719, has  added  38 places  of  figum 
(Dore.  To  give  some  conception  of  the  minuteness  of  this  approxi- 
mation, we  may  remark,  that  a  series  of  GO  figures  only  is  suflidenl 
to  express  a  number  of  grains  of  sand  more  than  sufficient  to  fill  a 
hollow  sphere  of  a  diameter  equal  to  that  of  the  orbit  of  the  planet 
Satuni. 

From  these  fruitless  attempts  to  express  the  ratio  between  tlie 
diameter  and  circumference  of  a  circle  by  numbers,  even  when 
brought  to  ever  so  minute  a  fractional  division,  it  seems  fairly  de- 
ducihle  that  this  ratio  is  incapahle  of  being  so  expressed,  or  is  of 
that  kind  which  is  called  hwommensuralle.  This  had  indeed  been 
more  than  suspected  by  many  of  the  ancient  geometricians;  but 
has  not  to  this  day  been  strictly  demonstrated,  nor  any  otherwise 
proved  than  by  the  failure  of  all  attemjMs  to  reduce  this  ratio  to  a 
commensurable  form,  or  to  express  it  by  the  ratio  of  one  number  to 
another.  It  would,  however,  he  too  much  to  assert  from  all  this 
that  ihe  incommensui-abilliy  of  the  circumference  and  diameter  of 
a  circle  is  incapable  of  geometrical  proof,  any  more  than  that  of  the 
tide  and  diagonal  of  a  square,  which  has  long  ago  been  so  elegantly 
demonstrated  by  Kuelid ;  and  we  are  rather  to  seek  for  the  cause  of 
this  desideratum  in  mathematical  science  to  the  neglect  into  which 
the  doctrine  of  incommensurable  magnitudes  has  fallen  with  tbc 
moiieriis,  although  it  formed  so  important  a  branch  of  the  ancient 
geometry. 

The  doctrine  of  i  n com mensu rabies  forms  the  subject  of  the  10th 
book  of  Euclid's  Elemenis,  where  it  is  fully,  though  rather  pro- 
Mx]y,  handled;  this  being  one  of  the  longest  books  in  the  whole 
concluding  with  that  remarliable  proposition  that  the 
a  square  is  incommensurable  to  its  side.  Whether  it  be 
prolixity  of  this  book  vif  the  "Eilemcnts,  or  from  whatever 
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CiiMe  it  may  arise,  it  is  certain  that  it  is  now  very  seldom  studied, 
or  even  consulted;  and  we  conceive  that  we  shall  be  rendering  a 
my  acceptable  service  to  our  mathematical  readers  by  presenting 
them  with  the  elementary  principles  of  incommensurables  in  an- 
other and  more  concise  form,  and  drawn  from  other  sources, 
though  proved  in  a  manner  not  less  strict  and  mathematical  than 
that  of  £uclid.  This  will  render  the  present  paper  on  the  quadra* 
tore  of  the  circle  much  more  complete  than  it  would  otherwise  be, 
and  will  properly  prepare  the  way  tor  the  remarks  upon  that  subject, 

with  which  we  intend  to  conclude. 

> 

Of  the  Doctrine  of  Incommensurables. 

Commensurable  quantities  are  such  as  have  a  common  measure^ 
or  to  which  some  common  aliquot  part  may  be  found.  Incom- 
mensurable quantities  are  such  as  have  no  common  measure,  or 
common  aliquot  part.  « 

All  numbers,  whether  integral,  fractional,  or  mixed,  are  com- 
mensurable. For  any  two  whole  numbers  have  the  common  mea- 
sure of  unity;  and  any  two  other  numbers,  whether  fractional  or 
mixed,  may  be  reduced  to  fractions  with  a  common  denominator  ; 
when  it  is  evident  that  unity  set  over  that  common  denominator 
will  measure  both  numbers. 

Geometrical  quantities,  as  lines,  surfaces,  and  solids,  may  be 
other  commensurable  or  incommensurable  to  each  other.  Thus  a 
triangle  and  a  parallelogram  upon  the  same  base,  and  between  the 
same  parallels,  are  always  commensurable  to  each  other ;  for  the 
parallelogram  is  always  double  of  the  triangle.  But  the  side  of  a 
square  and  its  diagonal  are  always  incommensurable  to  each  other; 
that  is  to  say,  into  whatever  number  of  equal  parts  we  should  sup- 
pose the  side  of  the  square  to  be  divided,  the.  diagonal  can  never 
contain  a  precise  number  of  these  parts,  or  the  side  and  the  diagonal 
have  no  common  aliquot  part,  however  minute  it  may  be  conceived 
to  be  taken.  The  same  is  true  of  the  perpendicular  and  side  of  aa 
equilateral  triangle,  and  of  various  other  geometrical  magnitudes, 
as  may  be  proved  by  means  of  the  following 

Theorems  concerning  Proportion. 

1.  If  two  equal  ratios  are  combined,  that  is,  multiplied  together, 
they  shall  be  to  one  another  in  tlie  ratio  of  two  square  numbers. 
Thus  if  2  :  4  be  multiplied  by  5:10,  the  resulting  product,  10 : 
40,  reduced  to  its  lowest  terms,  b  as  I  :  4,  the  ratio  of  two  square 
numbers.  For  the  two  ratios  being  equal  are  each  as  some  common 
ratio;  in  the  present  case  as  1  :  2;  and  their  product  will,  there- 
fore, be  as  that  common  ratio  squared,  or  here  as  1  :  4 ;  and  must, 
&erefore,  manifestly  be  ii:\  the  ratio  of  two  square  numbers. 

Cor. — In  like  manner,  if  three  equal  ratios  be  combined  toge- 
ther, the  product  will  be  in  the  ratio  of  two  cube  numbers,  and  so 
in  other  cases. 

2.  The  duplicate,  or  triplicate,  ratio  of  any  ratio  of  number  to 
Voj-.  VIII.  N^  I.  B 
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nnmber,  will  be  in  the  first  case  as  two  square  numbers ;  and^  in 
the  second,  as  two  cube  numbers.  For,  by  the  definition  of  dupln 
Gate  ratio  (see  5th  book  of  Euclid),  it  is  compounded  of  two  equal 
ratios,  and  must  therefore  (by  the  preceding  theorem)  be  as  two 
square  numbers;  and,  in  like  manner,  triplicate  ratio  is  oom- 
pounded  of  three  equal  ratios,  and  must  therefore  (by  the  cerol-« 
lary)  be  as  two  cube  numbers. 

8.  If  three  numbers  in  continued  proportion  be  reduced  to  their 
lowest  terms,  the  first  and  last  shall  be  square  numbers,  and  the 
middle  term  shall  be  the  product  of  their  roots.  For  the  finf 
number  being  to  the  third  in  the  duplicate  ratio  of  that  in  which 
it  is  to  the  second,  the  first  and  third  will  be  to  one  another  as  two 
square  numbers ;  that  is,  will  be  two  square  numbers  when  reduced 
to  their  lowest  terms.  Again,  as  a  mean  proportional  is  found  hf 
extracting  the  square  root  of  the  product  of  the  two  extremes  ;  and 
as  tiie  square  root  of  the  product  of  two  squares  is  the  product  of 
their  roots,  the  square  root  of  a^  l/^  being  a  b,  it  follows  that  the 
mean  proportional  between  two  square  numbers  must  be  the  product 
of  their  roots. 

Cor.«— In  like  manner,  if  four  magnitudes  be  in  continued  pro- 
portion, the  ratio  of  the  first  to  the  fourth  will  be  as  two  cube 
numbers.  'f 

4.  Two  magnitudes  are  incommensurable  to  one  another  when 
their  ratio  is  the  simple  ratio  either  of  a  duplicate  ratio  which  is  not 
Us  two  square  numbers,  or  of  a  triplicate  ratio  which  is  not  as  two 
cube  numbers.  For  all  magnitudes  are  incommensurable  to  en* 
toother,  if  they  are  not  to  each  other  as  number  to  number ;  and  it 
is  proved  (Th.  ii.)  that  the  duplicate  or  triplicate  ratio  of  number  to 
number  is  as  two  square  or  two  cube  numbers  respectively.  Where- 
fore if  the  duplicate  or  triplicate  ratio  of 'the  ratio  of  two  magnitudes 
be  not  as  two  square,  or  as  two  cube,  numbers^  these  magnitudes 
cannot  be  as  number  to  number,  or  are  incommensurable  to  each 
other. 

•  Cor.  1.— 'Two  squares  which  are  not  to  one  another  as  two  square 
numbers  have  their  sides  incommensurable.  Consequently  the 
diagonal  of  a  square  is  incommensurable  to  its  side ;  for  the  square 
of  the  diagonal  being  equal  to  the  sum  of  the  squares  of  two  sides 
(Eu.  i.  47)9  is  to  the  square  of  the  side  as  2  :  1,  which  not  being 
both  square  numbers,  the  diagonal  and  side  are  incommensurable; 
-  Cor.  2. — If  three  magnitudes  are  in  continued  proportion,  and 
the  first  is  to  the  last  not  as  one  square  number  to  another^  the 
'fecond  shall  be  incommensurable  to  the  first  and  last. 

Cor.  3. — If  four  magnitudes  are  in  continued  proportion,  and  the 
iirst  is  to  the  last  not  as  two  cube  numbers,  each  magnitude  shall  be 
incommensurable  to  that  which  follows  it. 

*  5.  If  three  magnitudes  be  such  that  the  Square  of  one  of  them  it 
-equal  to  the  squares  of  the  other  two,  and  at  the  same  time  the 
least  be  an  aliquot  part  of  the  greatest,  the  remaining  magnitude 
^faall  be  incommensurable  to  the  least  and  greatest.    For  as  the 
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least  is  an  aliquot  part  ef  the  greatest,  the  square  of  the  least  vrWi 
be  an  aliquot  part  oi  the  square  of  the  greatest.  Hence  when  it* 
square  is  subtracted  from  the  greater  square,  the  remainder  will  be 
expressed  by  a  fraction  whose  denominator  exceeds  its  denominator 
by  unity;  such  as  I,  if-,  ^  &c.,  since  this  fraction  wants  only 
tome  aliquot  part  to  make  it  equal  to  unity.  If,  then,  we  call  the 
greatest  square  1,  some  such  fraction  as  this  will  represent  the 
middle  square,  which  by  the  supposition,  together  with  the  lesser 
square,  is  equal  to  the  greater  square.  But  such  a  fraction  as  this 
can  never  be  a  square  number ;  that  is,  have  both  its  numerator  and 
denominator  square  numbers;  for  no  two  square  numbers  have  so 
snaall  a  difference  as  I .  Therefore  if  the  squares  of  the  greatest  and 
least  of  the  magnitudes  l)e  represented  l)y  square  numbers,  the 
middle  one  cannot  be  so  represented,  and  is,  therefore,  incom- 
mensurable to  the  other  two. 

Cor. — Hence  the  side  of  an  equilateral  triangle  is  incommensu- 
rable to  its  perpendicular ;  for  (Eu.  i.  47)  the  square  of  the  side  is 
equal  to  the  sum  of  the  squares  of  the  perpendicular  and  of  half  the 
side ;  whence,  by  the  above  theorem,  the  perpendicular  and  side 
are  incommensurable. 

-  6.  If  three  magnitudes  are  in  continued  proportion,  and  the 
greatest  is  equal  to  the  sum  of  the  other  two,  they  are  all  incomr^ 
mensurable  to  one  another.  For  if  we  suppose  that  the  magnitudist 
could  be  represented  by  numbers,  these  will  not  he  all  even  when 
the  ratio  is  reduced  to  its  lowest  terms,  every  even  number  beirtg 
divisible  by  2.  Hence  they  must  be  represented  in  some  of  the 
seven  following  ways  :  odd,  odd,  odd ;  or  odd,  even,  even  ;  or  t)dd, 
odd,  even ;  or  odd,  even,  odd ;  or  even,  even,  odd  ;  or  even,  odd, 
even ;  or  even,  odd,  odd.  It  is  manifest  that  in  none  of  these  cases 
ean  one  extreme  be  equal  to  the  sum  of  the  other  two  numbers, 
except  in  the  third,  fourth,  and  last.  But  none  of  these  can  belong  to 
three  numbers  in  continued  proportion.  Since  the  quotients  of  the 
first  and  second,  and  second  and  third  terms,  can  never  corresj)ond 
in  any  of  them.  Thus  in  the  third  case,  or  odd,  odd,  even,  the 
quotient  of  the  first  and  second  is  odd ;  and  of  the  second  and 
third,  even.  In  the  fourth  case,  or  odd,  even,  odd,  the  quotient 
of  the  first  and  second  is  even ;  and  of  the  second  and  third,  is  no 
whole  number.  And  in  the  last  case,  the  quotient  of  the  first  and 
second  is  no  whole  number ;  and  of  the  second  and  third,  is  odd*. 
Hence  the  assigned  magnitudes  cannot  be  represented  by  numbers, 
or  are  incommensurable. 

In  this  very  simple  manner  may  the  fundamental  principles  of 
incommensurable  ratio  be  established,  and  the  incommensurability 
of  certain  well  known  geometrical  magnitudes  demonstrated.  We 
are  unable,  however,  to  apply  these  principles  to  the  ratio  between 
the  diameter  and  circumference  of  a  circle,  for  want  of  any  known 
method  of  notifying  the  circumference,  or  findinfr  a  straight  linelo 
which  it  shall  be  precisely  equal.  This  is  a  problem  which  i«i  as  yet 
unresolved,  at  kast  by  the  elementarv  geometry;  .and  till  its  soltrao^ 
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is  obtained,  it  cannot  be  expected  that  we  can  prove,  by  tliat 
geometry,  either  the  commensurability  or  incommensurability  of 
the  circular  diameter  and  circumference. 

There  are,  however,  other  considerations,  besides  the  failure  of 
all  the  attempts  that  have  hitherto  been  made  to  express  this  ratio  by 
numbers,  that  tend  directly  to  prove  that  it  is  an  incommensurable 
ratio.  Of  these  some  are  stated  by  Dr.  Barrow  at  the  end  of  his 
15ih  mathematical  lecture,  by  which  that  eminent  mathematician 
b  induced  to  conclude  that  the  radius  and  circumference  of  a  circle 
are  lines  of  such  a  nature  as  to  be  not  only  incommensurable  in 
length  and  square,  but  even  in  length,  square,  cube,  biquadrate, 
ind  all  other  powers  to  infinity;  for,  says  he,  the  side  of  the  io- 
scribed  square  Is  incommensurable  to  the  radius,  and  the  square  of 
the  side  of  the  inscribed  octagon  is  incommensurable  to  the  square 
of  the  radius ;  and  consequently  the  square  of  the  octagonal  peri- 
meter is  incommensurable  to  the  square  of  the  radius ;  and  thus  the 
ambits  of  all  regular  polygons  inscribed  in  a  circle  may  have  their 
superior  powers  incommensurate  with  the  co-ordinate  powers  of  the 
radius;  Irom  whence  the  last  polygon,  that  Is,  the  circle  itself, 
seems  to  have  its  periphery  Incommensurate  with  the  radius. 

Were  we  permitted  to  argue  from  analogical  considerations  in  a 
question  so  strictly  geometrical,  we  might  remark  that  there  is  a 
great  analogy  between  the  circle  and  square,  the  one  being  the 
simplest  of  curves,  and  the  other  the  simplest  and  moat  regular  of 
rectilineal  ligures  admitting  of  a  diagonal.  Hence  that  kind  of 
ratio  which  is  true  of  the  diameter  and  pcripheiy  of  the  one  may 
reasonably  be  expected  to  hold  of  the  diagonal  and  periphery  of  the 
other.  In  this  view  the  circle  may  he  called  a  rounded  square,  and 
the  square  may  be  called  a  circle  dilated  Into  a  cornered  rectilineal 
figure.  We  shall  add  but  one  other  analogy  of  this  general  or  looser 
kind,  and  then  proceed  to  speculations  of  greater  certainty  and  pre- 
cision. The  angle  subtended  by  the  diagonal  of  a  square,  that  is, 
any  angle  of  ihc  square  itself,  is  always  a  right  angle ;  but  so  also 
is  theanglesubtendedby  the  diameter  of  a  circle,  and  bounded  by  lit 
circumference ;  for  Kuctid  has  proved  that  the  angle  of  a  semicircle 
is  a  right  angle,  liowever  obliquely  it  may  be  drawn.  May  we  not, 
then,  infer  from  these  analt^Ies  between  tlie  circle  and  square  in 
respect  of  their  diameters  and  circumferences,  that  since  these  are 
incommensurable  in  the  one,  they  are  so  also  in  the  other  ? 

Supposing,  then,  the  incommensurability  of  the  circumference 
and  diameter  of  a  circle  to  be  demonstratively,  or  at  least  induc- 
tively, established,  what  are  we  thence  to  infer  respecting  the 
quadrature  of  the  circular  area?  Only  this,  that  the  quantity  of 
that  area  can  never  be  accurately  expressed  in  numbers  bearing  ft 
proportion  to  the  length  of  the  diameter ;  or  that,  when  we  have  a 
number  accurately  denoting  the  length  of  the  diameter,  we  cannot 
by  any  number  whatever  express  either  tiie  exact  periphery,  or  the 
exact  area,  of  the  circle.  It  does  not,  however,  follow  from  the 
incommensunibilily  of  the  cirHumference  and  diameter  that  we 
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cannot  accomplisli  the  quadrature  of  the  circle  geometrically,  or 
that  it  should  be  impossible  to  describe  a  square  by  some  geometrical 
construction,  which  &haU  be  precbely  equal  lo  any  given  circle. 
On  the  cooiniry,  the  possiiiUtij  of  this  cannot  reasonably  be  « 
troverted,  since  squares  may  be  described  diifering  from  each  oil 
by  the  least  possible  quantity,  and  therefore  precisely  equal  to  am 
assigned  area  whatever.  1'lie  inconimcnsurabilily  of  such  magiu* 
ludes,  or  their  not  being  expressible  by  numbers,  is  no  impedimi 
whatever  to  the  resolution  of  this  problem ;  for  we  can  fina  squat 
by  a  very  easy  geometrical  process,  which  shall  be  exactly  equal 
the  suDi  or  difference  of  any  two  assigned  squares,  whether  tb< 
(quares,  when  denoted  by  numbers,  have  a  sum  or  rfitference  ace 
raiely  enpressible  by  a  square  numl>er  or  not.  The  problem 
which  this  is  accomplished  is  a  manifest  corollary  from  the -t  7  th  pi 
position  of  l^ucHd's  6rst  book,  which  teaches  us  that  the  square 
the  faypothenuse  of  a  right-augled  triangle  is  equal  lo  the  sum  of 
tlie  squares  of  the  two  sides ;  so  that  we  have  only  to  form  a  right- 
tugietl  triangle  of  a  gvoper  length  of  sides  and  liypothenuse  to  find 
■t  once  the  side  of  a  square  equal  to  the  sum  or  difference  of  any 
two  given  squares. 

On  similar  principles,  although  it  be  impossible  to  find  a  square 
Inimber  which  shall  be  exactly  equal  to  the  area  of  a  circle  whooB 
^ameter  is  equal  to  a  specific  number,  it  by  no  means  follows  th4} 
it  is  impossible  to  describe  a  square  geometrically  which  shall  ba 
precisely  equal  to  the  area  of  that  circle ;  or  rather  we  are  certs^ 
thit  such  a  solution  of  the  problem  of  the  quadrature  of  the  circli 
is  possible,  since  squares  may  be  described  of  every  possible  dimed* 
lion  that  may  be  required. 

The  ancients  divided  geomelrical  problems  into  three  different 
dats«e,  according  to  the  manner  of  their  solution.  Those  which 
eould  be  resolved  by  means  of  the  straight  line  and  circle  only  were 
called  plane  problems;  those  which  required  the  conic  sectioni 
were  called  solid  problems ;  and  those  which  could  not  be  pe^ 
formed  without  the  aid  of  curved  lines  of  some  other  species  wert 
called  linear  problems.  The  geometrical  quadrature  of  the  circle  !■ 
a  problem  of  the  third  class,  since  it  cannot,  as  far  as  we  know,  be 
accomplished  by  means  of  the  straight  line  and  circle,  or  even  by 
the  assistance  of  any  of  the  conic  sections.  It  is,  however,  not  the 
less  strictly  geometrical  on  this  account,  since  there  are  various  other 
problems  on  which  the  ancients  have  exercised  their  ingenuity, 
which  labour  under  a  similar  restriction,  and  yet  are  considered  as 
having  been  resolved  by  the  purest  principles  of  geometi-y.  Such  is 
the  finding  of  two  mean  proportionals  between  any  two  given  right 
lines,  for  the  resolution  of  wbicli  Diocles  invented  the  curve  called 
eiiioid,  and  Nicomedes  invented  that  called  conchoid;  such  also  is 
the  trisection  of  a  given  rectilineal  angle  which  is  resolvable  by 
jneans  of  the  same  conchoid,  although,  indeed,  it  may  also  be  rc^ 
ulved  by  the  assistance  of  the  hyperbola. 

The  same  celebrated  geometricians  among  the  ancients  wbd 
•ought  after  solutions  of  tliese  two  remarkable  problecns  wetc  \i^  m 
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deficient  io  attempts  to  accomplish  the  quadrature  of  the 
circle  by  like  expedients.  We  learn  from  the  fourih  book  of  the 
Mathematical  Collections  of  Pappus  that  a  curve  line  was  invented 
by  Dinostratus  and  Nicomedes,  and  by  some  matbematicians  of 
more  modern  date,  with  a  view  towards  ihe  quadrature  of  tla 
circle,  which,  on  account  of  its  ofbce,  they  denominated  ttTpay^fm 
ii»iait,  or  tiie  sejuanng  line.  Pappus,  indei'd,  objects  to  the  admi» 
Bton  of  this  curve  into  strict  geometry,  as  the  genesis  by  which 
these  mathematicians  suppose  it  to  be  described  assumes  priDci}]^ 
that  are  inconsistent  with  each  other,  and  in  some  measures  involve 
tiie  assumption  of  the  commensurability  of  tiie  diameter  and  peri- 
phery of  a  circle  of  which  we  have  every  reason  to  doubt  the  truth. 
He,  however,  thinks  this  curve  of  such  importance,  that  he  hai 
given  a  geometrical  demonstration  of  some  of  its  propertlis ;  and  of 
that,  in  particular,  by  which  it  leads  to  the  quadrature  of  the  circle. 
Clavius,  the  well  known  commentator  u|}on  Euclid,  has  treated 
much  more  fully  of  this  curve,  which  he  calls  ^uadralrix,  iban 
Pappus  has  done;  and  has  shown  a  method  of  describing  it  bj 
which  the  objections  of  Pappus  are  in  a  great  measure  obviated. 
Its  description  by  this  method  is  so  easily  accomplished,  evch  by  the 
nse  of  the  ruler  and  compasses  alone ;  and  it  may  be  so  rMiKly 
applied,  when  described,  to  the  resolution  of  the  great  problem  of 
the  quadrature  of  the  circle,  that  we  are  persuaded  our  readers  will 
thank  us  for  introducing  this  curve  once  more  to  their  notice,  and 
showing  them  its  more  remarkable  properties,  and  the  mode  of  iti 
vpplicaiion  to  the  problem  in  question. 

OJ'  the  Quadratrix. 

"  The  genesis  of  the  quadratri:;,   according  to  Dinostratus  mi 
Nicomedes,  is  as  follows :— Let  A  D,  D  C,  be  two  equal  right 
lines,  perpendicular  to  one  another,  in  the  point  D.     (Plate  LI, 
Fig.  t.)     While  the  line  AD  revolves  with  an  equable  motioa 
about  A,  as'  a  centre,  so  as  to  describe  ihe  quadrant  D  B,  let  the 
line  D  c  move  equably  and  parallel  to  itself  along  DA,  so  as  to 
coincide  with  the  radius  A  B  at  the  precise  moment  that  the  point 
D  arrives  at  B.     By  this  compound  motion  the  intersection  of  t' 
two  lines  A  D  and  D  C,  or  the  point  D,  will  describe  a  curve 
D  133456/8,  which  is  called  quadratrix.    It  is  objected  byPMw 
to  lliis  genesis,  that,  if  both  motions  be  equable,  they  eoulrl  noC^ 
terminate  at  the  same  instant;  since,  as  far  aa  is  yet  known,  the 
radius  of  a  circle  is  not  commensurable  to  its  circumference  or  to 
its  quadrant.     To  obviate  this  objection,  Clavius  proposes  the  fol- 
lowing genesis ;— Divide  the  quadrant  D  B  into  a  number  of  equal 
parts,  a&  D  a,  a  b,  b  c,  &c,  which  may  be  accomplished  geome- 
trically by  repeated  bisection  to  any  required  degree  of  minuteness,    i 
Divide  the  radius  D  A  into  a  like  number  of  equal  pajt.'>,  as  D  ft,     i 
k  I,  Im,  &c.     Draw  tight  lines  from  the  centre  A  to  the  different 
divisious  of  the  qliadrant,  a,  I;  r,  &c. ;  and  from  the  different  divi-    ' 
a'oas  of  DA,  as  ft,  I,  m,  &c,  draw  lities  parallel  to  A  B,  intersect- 
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iogthe  radii  drawD  to  the  correspondiog  divisions  of  the  quadrantj 
ID  the  points  1,  2,  S^  &c.  These  points  carefully  joined  will  form 
a  curve  which  is  manifestly  of  the  same  nature  with  the  quadatrix 
of  Dinpstratus  and  Nicomedes.  To  determine  with  the  greatest 
possible  accuracy  the  point,  E^  in  which  the  curve  intersects  A  Bj 
the  divisions  should  there  be  rendered  more  minute,  and  should  be 
continued  on  the  other  side  of  A  B,  as  at  r  and  h.  The  point  A  is 
called  the  centre  of  the  quadratrix  ;  A  D,  its  side ;  and  A  £,  its 
base. 

This  mode  of  construction  cannot  reasonably  be  objected  to,  as  it 
is  admitted  as  geometrical  in  the  case  of  the  conic  sections,  which 
have  been  formed   by  ascertaining  the  position  of  any  required 
Dumber  of  points  in  the  periphery  of  the  curve  by  ApoUonius,  and 
all  his  followers  down  to  the  present  day.     In  the  case  of  the  qua* 
flratrix,  this  manner  of  description  is  greatly  more  simple  than  in 
tlie  case  of  the  conic  sections,  which  require  the  finding  of  mean* 
proportional,  and  other  complex  problems ;  whereas  the  above  de- 
^iption  requires  nothing  but  the  bisection  of  a  right  line  and  cir* 
cular  arch,  and  the  drawing  of  parallel  lines ;  and  it  is  laid  down 
h)  the  immortal  Newton,  in  the  appendix  to  his  Arithmetica  Uni- 
versalis, that  ^^  that  curve  ought  to  be  the  readiest  admitted  into 
geometry  whose  geometrical  construction  is  the  easiest,  rather  than 
that  whose  numerical  calculation  is  the  simplest,*'     With  respect  to 
the  objection  that  may  be  urged  to  this  construction  from  the  sup- 
posed incommensurability  of  the  diameter  and  circumference  of  a 
circle,  the  effect  of  this  incommensurability  would  be  to  prevent 
the  curve  from  having  a  regular  and  uniform  flexure  when  the 
points  thus  found  were  carefully  joined :  but  thb  objection  may  be 
deemed  of  little  importance,  since,  as  will  immediately  appear,  the 
application  of  the  quc^dralrix  to  the  solution  of  the  problem  of  the 
quadrature  of  the  circle  depends  solely  upon  the  accuracy  with 
which  the  length  of  its  base,  or  the  proportion  which  that  bears  to 
the  radius  of  the  quadrant,  is  determined.     We  shall,  therefore, 
now  proceed  to  show  how  the  quadrature  of  the  circle  may  be  ac- 
complished by  means  of -this  curve. 

It  is  demonstrated  by  Pappus,  in  his  Mathematical  Collections, 
that  ^^  the  quadrant  circumference,  the  side,  and  the  base,  of  the 
corresponding  quadratrix  are  continually  proportional.^'  It  follows 
from  this  proposition  as  a  manifest  corollary,  that  the  side  of  the 
quadratrix,  as  DA  (Fig.  1),  is  equal  to  that  quadrantal  arch  whose 
radius  is  the  base  of  the  quadratrix,  as  A  £•  Because  by  the  pro- 
position D  B  :  D  A  ::  D  A  :  A  £,  and  D  A  :  A  E,  as  the  quadrants 
of  which  they  are  respectively  radii ;  whence  the  quadrant  whose 
radius  is  A  E  must  be  just  equal  to  D  A,  as  D  B  is  just  the  quadrant 
.whose  radius  is  DA.  It  follows,  also,  that  if  there  be  two  right 
lines  in  the  proportioti  of  D  A  :  A  E,  and  the  lesser  be  made  the 
radius  of  any  circle,  the  greater  will  be  equal  to  the  quadrant  of 
the  same  circle. 
.   From  these  premises  we  easily  deduce  the  following  method  .9f 
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tquaring  the  circle.  It  is  provetl  by  Archimedes  tliat  tlie  rectangle 
uoder  ttic  radius  and  semi- peri  meter  of  n  circle  is  equal  to  its  ares. 
But  the  radius  of  a  circle  is  to  its  quadrant  as  ihe  base  of  the  qua- 
dratriic  is  to  its  side.  If,  therefore,  we  find  a  fourth  proportional  to 
the  base  of  that  quadratrix,  its  side,  and  the  radical  of  the  givea 
circle,  it  will  be  equal  to  the  quadrantal  arch  of  that  circle ;  and 
the  rectangle  under  twice  this  line  and  the  radius  will  he  equal  to  the 
area  of  the  given  circle,  and  may  be  converted  into  a  square  by  the 
14th  prop,  of  Euclid,  book  ii. 

Thus  it  appears  tliat  to  find  n  square  equal  to  a  given  circle,  we 
have  only  to  determine  the  proportion  between  the  base  and  side  of 
the  quadralrix  with  accuracy  Id  a  single  ease ;  for  this  being  deter- 
niiDed,  in  any  one  case,  we  can,  without  any  further  assistance 
from  this  curve,  proceed  to  the  rectification  of  the  circular  peri- 
meter. On  this  account  we  shall  subjoin  to  the  above  method  of 
describing  the  quadrairis  another  method,  whioh  Clavius  has  given, 
for  determining  the  length  of  iis  base,  and  at  the  same  time  the 
position  of  several  of  its  points,  which  is  at  once  possessed  of  much 
simplicity  and  geometrical  accuracy. 

Let  D  B  be  a  quadrant  whose  radii  are  A  D,  A  B,  to  which  it  ii 
required  to  find  the  corresponding  quadratris.  {Fig.  2.)  Draw  the 
chord  D  B,  and  bisect  it  by  the  radius  A  Q  C,  which  will  cut  it  at 
right  angles.  (Eu.  iii.  27.)  From  A  B  cut  off  A  E  equal  to  A  Q. 
Join  QE,  anil  bisect  it  by  the  radius  AFT,  which  will  manifestly 
be  perpendicular  to  it,  on  account  of  the  equal  and  corresponding 
triangles  A  F  Q,  A  F  E.  Again,  from  A  E  cut  off  A  G  equal  to 
A  F.  Join  F  G,  and  bisect  it  by  the  radius  A  H  K,  which,  o» 
similar  principles,  will  also  cut  it  at  right  angles.  And  this  opera- 
tion may  be  renewed  till  we  have  attained  the  requisite  degree  of 
accuracy.  Then  all  the  points,  Q,F,  H,  &c.  lie  in  the  curve  of  the 
quadratiix,  as  may  be  thus  shown.  Draw  through  these  points  the 
lines  Q  L,  F  M,  H  N,  parallel  to  A  B,  and  cutting  D  B  in  O  and 
P.  Then,  on  account  of  parallel  lines,  we  have  DQ  :  QB  :: 
D  L  ;  L  A  (Eu.  vi.  2) ;  and  consequently  as  D  Q  is  equal  fo  Q  B, 
D  L  also  is  equal  to  h  A,  and  is  a  point  in  the  quactratriit,  because 
the  quadrant  D  B  t«  bisected  in  C.  Again,  on  account  of  parallel 
lines,  as  Q  E  is  bisected  in  F,  Q  B  also  is  bisected  in  O,  and  L  A 
is  bisected  in  M ;  and  since  the  arch  C  B  is  bisected  in  1,  F  also  ii 
a  point  in  the  quadratrls.  By  similar  reasoning,  H  is  proved  to  be 
a  point  io  the  quadratrix,  as  well  ;is  all  the  oilier  points  that  are 
found  by  this  construction.  And  thus  we  may  determine,  to  any 
required  accuracy,  the  point  where  the  base  of  the  quadratrix  cuts 
the  radius  A  B. 

Fig.  3  exhibits  the  quadralrii;  drawn  by  the  first  of  the  above 
methods  to  h  considerable  degree  of  accuracy,  the  quadrantal  arch 
ided  into  45  equal  parts  or  divisions  of  two  degrees  eacb( 
of  a  semicircular  divided  protractor,  and  the  radius  being 
ally  divided  into  a  like  number  of  equal  parts.     By  means 
otiier  figures  which  follow,  we  shall  be  able  to  find  the  tide 
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of  m  square  equal  to  a  given  circle,  or  the  radius  of  a  circle  eaual  to 
a  given  square,  by  a  very  short  and  accurate  process,  which  is  as 
folkuws : — 

In  Fig.  4^  A  D  is  the  side  of  the  quadratrix,  and  A  E  its  baset 
as  determined  in  Fig.  3.  Let  D  E  be  jdned,  and  apply  the  radius 
of  the  circle  that  is  to  be  squared  to  the  base  A  E.  Then  if  it  be 
precisely  equal  to  A  E,  A  D  is  equal  to  a  quadrant  of  the  given 
circle*  But  if  it  be  less,  as  A  B,  through  B  draw  B  C  parallel  to 
the  chord  D  E.  Then  is  A  C  equal  to  a  quadrant  of  the  given 
circle ;  since,  on  account  of  parallel  lines,  A  E  :  A  B  ::  A  D  :  A  C. 
If  the  radius  of  the  circle  be  greater  than  A  E,  we  have  only  to 
produce  A  £  to  the  requisite  length,  and  draw  a  parallel  as  before ; 
and  thus  we  shall  ascertain  the  sides  of  a  rectangle  equal  to  the 
given  circle.  To  turn  this  rectangle  into  a  square,  let  the  line  A  H 
(Fig.  5)  be  double  of  AD,  the  side  of  the  quadratrix,  and  AE 

I  equal  to  its  base.  Find  a  mean  proportional  to  H  A  and  A  E  by 
describing  a  semicircle  on  H  £,  and  at  the  point  A  drawing  A  L 
perpendicular  to  H  E ;  then  shall  A  L  be  the  side  of  a  square  equal 
to  the  rectangle  under  H  A  and  A  E,  or  equal  to  the  circle  whose 
radius  is  A  £.  Hence  to  find  a  square  equal  to  any  given  circle,  we 
have  to  join  H  L  and  L  E,  and  to  cut  off  from  A  E,  or  from  A  E 
produced,  a  line,  A  B,  equal  to  the  radius  of  the  given  circle.  Then 
through  B  draw  B  N  parallel  to  L  E,  and  through  N  draw  N  K 
parallel  to  L  H  ;  when,  on  account  of  parallel  lines,  it  is  evident 
that  H  A  :  AE  ::  K  A :  A  B ;  and  that  A  N  is  a  mean  proportional 
between  K  A  and  A  B ;  and  consequently  is  the  side  of  a  square 
equal  to  the  circle  whose  radius  is  A  B,  which  square  and  circle  are 
accordingly  drawn  in  Fig.  6. 

If  it  is  required  to  find  a  circle  equal  to  a  given  square,  the  above 
process  may  readily  be  reversed,  as  follows : — Let  A  N  (Fig.  5  and  6) 
be  the  side  of  the  given  square,  which  is  to  be  applied  to  A  L,  the 
perpendicular  at  A,  or  to  A  L  produced.  Through  N  draw  N  B 
parallel  to  LE,  and  A  B  shall  be  the  radius  of  a  circle  equal  to  the 
given  square.  For  L  A  :  A  E  ::  N  A  :  A  B ;  and  A  E  is  the  radius 
of  a  circle  equal  to  a  square  whose  side  is  L  A ;  consequently  A  B 
is  the  radius  oi  a  circle  equal  to  a  square  whose  side  is  N  A,  that  is- 

r      equal  to  the  given  square. 

By  means  of  the  quadratrix,  various  other  interesting  problems 
analogous  to  the  quadrature  of  the  circle  may  be  very  readily  re- 
solved^ such  as  the  finding  a  circle  of  a  circumference  equal  to  a 
given  right  line ;  or  the  cutting  off  from  a  given  circle  a  circum- 
ference equal  to  a  given  right  line.  Also  the  finding  a  right  line 
equal  to  any  given  arch  of  a  circle,  the  dividing  a  given  angle  or 
given  arch  of  a  circle  in  any  assigned  proportion,  and  the  descrip- 
tion of  an  isosceles  triangle  of  which  the  angle  at  the  base  shall 
have  any  assigned  proportion  to  the  vertical  angle.  But  we  are  pre- 
vented by  the  narrowness  of  our  limits  from  entering  into  any  further 
detail  of  the  particulars. 
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'  Article  IV. 

r  On  the  Divisions  of  Fahrenheit's  Scale. 

:.  (To  Dr.  Thomson.) 

SIR,  March  27,  1816. 

.  Haying  heen  always  in  the  habit  of  considering  Fahrenheit's 
scale  as.  perfectly  arbitrary,  my  attention  was  arrested  by  a  passage 
in  p.  232,  vol.  vi.,  of  the  Annals^  in  which  your  Correspondent 
Jl*  W.  lays  down  a  dififerent  doctrine.  This  has  induced  me  to 
examine  the  subject  again  with  some  attention ;  and  as  I  canool 
Siiopt  the  same  opinions  as  are  stated  in  the  place  referred  to^  I  takf 
the  liberty  of  offering  you  some  remarks  upon  them. 

Sir  I.  Newton  was  the  first*  who  suggested  the  philosophical  idea 
of  forming  the  divisions  of  the  thermometrical  scale  from  the  pro* 
portional  parts,  by  which  a  given  mas$  would  be  expanded  by  a 
certain  addition  of  heat.  Reaumur  f  also  framed  his  scale  upon  the 
same  principle.  It  is  wrong,  therefore,  ta  confine  this  excellence 
to  Fahrenheit's  scale ;  and  I  believe  it  not  even  to  have  entered  into 
his  plan.  The  claims  of  Newton  and  Reaumur  are  not  all  which 
night  be  set  up  on  this  occasion ;  but  the  two  volumes  of  the  Philo* 
•ophical  Transactions  and  Memoirs  of  the  Academy  of  Paris,  t^ 
which  I  have  referred,  are  sufficient  to  set  side  part  of  the  credit 
attributed  (and  it  seems  to  me  too  hastily  attributed)  to  Fahrenheit* 
I  wish  I  could  as  shortly  dismiss  the  other  part  of  the  question; 
but  if  we  enter  a  little  more  at  large  into  it,  I  think  we  may  colle($ 
with  great  probability  that  Fahrenheit  was  guided  by  no  idea  similar 
to  that  which  I  have  just  been  mentioning. 

I  am  uncertain  whether  R.  W.  derives  his  statement  from  Dr^ 
Martine,  X  or  immediately  from  Boerhaave ;  ^  but  from  whicheveir 
of  these  writers  he  draws  his  information,  I  am  ready  to  acknow* 
ledge  that  there  is  something  in  their  method  of  expression  which^ 
if  vDot  compared  with  other  parts  of  their  remarks,  might  suggest 
the  notion  adopted  by  your  Correspondent.  Deluc,  [|  indeed  (no 
mean  authority  on  such  a  subject),  appears  to  have  understood  them 
in  9ome  such  sense ;  but  still  I  am  prepared  to  contend  that  a  more 
ireful  investigation  will  prove  that. the  truth  lies  on  the  other  side. 

If  I  wished  merely  to  rest  upon  authorities,  I  might  quote  Dr. 
Martine  hinoself,  who  says,  in  a  subsequent  passage,  "**  that  the 
^vision   was  originally  quite  arbitrary,   and  Van  Swindcn,  wh^ 

•  Philosophical  TmiuactioDs,  1701. 

f  Memoireide  rAcademie  des  Sciences,  1730. 

%  Essay  on  the  ConUraction  and  Graduation  of  Thermometers^  sect.  S4. 

1  Chemistry,  Shaw's  Translation,  1741,  toI.  i.  p.  235. 
Modification  de  TAtmospherey  ii.  partie,  chap,  ii.,  430  b.,  499  k, 

•  •  Sect.  87. 
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m  his  valuable  treatise,  *  precisely  says,  ^^  J'ignore  ce  qui  peut  avoir 
eogag^  Fahrenheit  a  diviser  sod  echelle  en  06  degres/^  which  we 
shall  see  hereafter  to  have  been  the  origin  of  his  scale.  This,  liow- 
ever,  might  leave  the  question  in  an  unpleasant  state  of  doubt,  from 
the  apparent  contradiction  of  different  testimonies.  I  prefer,  there- 
fore, goinff  more  fully  into  it,  especially  as  the  points  connected 
with  the  history  of  this  curious  instrument  cannot  be  without  their 
interest. 

In  the  first  place,  then^  let  us  see  what  F.  himself  f  says  of  hit 
method:  *^  Duo  potissimum^genera  thermometrorum  a  me  confi- 
ciuntur,  quorum  unum  spiritu  vini,  alteram  argento  vivo  repletur: 
longitudo  vtria  est,  pro  usu  cui  inservire  debent  omnia  autem  in  eo 
eonveniunt,  quod  in  omnibus  scalte  gradibus  concordent  interque 
fimites  fixas  variationes  suas  absolvant.  Thermometrorum  scala  qua 
meteorologicis  observationibus  solummodo  inserviunt  infra  a  zero 
incipit  et  96^  gradu  finitur.  Hujus  scalas  divisio  tribus  nititur  ter- 
minis  fixis,  quorum  primus  in  iniima  scalss  parte  reperitur  et  com* 
mixtione  glaciei  aquee  et  salis  armoniaci  vel  etiam  maritimi  acqui- 
ritur;  huie  mixtursesi  thermometron  immergatur  fluidum  ejus  usque 

ad  zero  descendit .Secundus  terminus  obtinetur,  si  aqua  et 

glacies  absque  memoratis  salibus  commisceantur ;  immerso  thermo- 

metro  huie  mixture  fluidum  ejus  82""^  occupat  gradum • 

Terminus  tertius  in  96^^  gradu  re{>eritur  et  spiritus  usque  ad  hune 
gradum  dilatatur  si  thermometrum  in  ore  vel  sub  axillis  sani 
bominis  teneatur  donee  perfectisSimi  calorem  corporis  acquisiverit. 

• Thermometrorum  scala,  quorum  ope  ebullientium 

liquorum  gradus  caloris  investigatur  etiam  a  zero  incipit  et  600 
continet  gradus :  hoe  enim  circiter  gradu  mercurius  ipse  (quo  ther- 
mometrum repletum  est)  incipit  ebullire.'' 

From  this  extract  we  learn  several  curious  points :  1.  It  appears 
that  Fahrenheit  originally  graduated  from  three  fixed  points^  the 
highest  of  which  was  very  much  below  the  temperature  of  boiling 
water,  2.  That  he  preeisely  calls  the  fluid  in  his  shorter  thermo- 
meter** spiritus,"  whereas  he  calls  it  **  mercurius  *'  when  he  talks 
of  his  longer  scale  for  ascertaining  the  points  at  which  different 
fluids  boil :  and^  3.  That  he  used  the  same  divisions  for  both  these 
thermometers.  Indeed^  Van  Swinden  enlarges  upon  all  these 
points,  and  adds  some  further  particulars^  which  are  well  worth 

detailing.    He  saysy:(  '^  Fahrenheit dit  dans  une  dissertation 

publi^e  en  1724 qu'  ayant  lu  il  y  avoit  dix  ans  les  experiences 

par  les  quelles  Amontons  a  trouve  que  la  chaleur  de  I'eau  bouillante 
est  constaute,  il  avoit  pense  a  construire  un  thermometre  au  moyen 
duquel  il  put  suivre  cette  decouverte :  quMl  en  avoit  essay^  quelques 
ons,  mais  que  ses  effiirts  avoient  et6  inutiles ;  que  des  occupations 

*  P.  44.  It  may  be  right  to  add  that  Van  Swioden*s  ackoowledgment  of  igncv 
ranee  is  not  to  be  attributed  to  any  neglect  of  Boerhaave,  since  at  p.  54  ib  the  lery 
passage  on  which  the  foundation  of  R.  W.  rests. 

f  Phil.  Trani.  Tol.  xxliii.    Old  abridgment,  toI.  viu  p.  53* 
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nombreuses  I'avoient  oblig^  de  remetlre  ces  reclierches  a  une  autre 
oecaaioD  et  qu'  enfin  il  etoU  lombe  sur  I'idee  d'un  thermometry  de 
luercure."  From  this  it  is  clear,  as  Vsn  Swinden  remarks,  and  con- 
£tids  by  other  reasons,  *  that  Faliieuheit  did  not  use  boiling  watet 
in  the  original  method  of  graduating  his  thermometer;  and  he 
thinks  ■(■  it  highly  probable  that  F.  first  used  mercury  for  filling  his 
tubes  about  the  year  1720  ;  but  he  used  the  scale  with  his  sfaoiter 
thermometers  as  early  an  IJl+.t  It  is  evident,  therefpre,  that  thf. 
211^  degrees  are  not  to  be  derived  from  the  effects  of  boiling  water, 
ngr  from  the  relative  espantion  of  mercury  under  any  change  of 
lemperature.  Indeed,  if  he  had  been  guided  by  any  such  idea,  it 
would  be  dtfticult  to  assign  any  reason  for  his  assuming  an  inconve- 
nieut  number,  as  Dr.  Mattinc  §  justly  calls  it,  like  1 1 124,  for  the 
parts  into  which  the  fluid  should  he  supposed  to  he  divided  at  thf 
lemperature  of  0.  Tiiere  is  nothing  certainly  to  lead  to  it  in  the 
simplicity  which  may  be  obtained  from  it  for  calculation.  Drt 
Marline  likewise  adds  {{  that  Boerliaave  is  not  consistent  with  himself, 
but  that  in  other  places  he  supposes  a  division  of  the  mass  into 
107^2  and  11520  parts,  of  which  in  each  case  212  is  the  quantity 
incTeased  between  freezing  and  boiling  water.  The  latter  number, 
has  escaped  me  in  my  search,  but  1  have  found  the  former ;  **  and 
I  have  made  several  trials  to  reduce  it  to  the  first-mentioned  divi- 
sion, but  all  witltout  effect.  Van  Swinden,  indeed,  acknowledgesft 
liimeelf  unable  to  account  for  this  variation ;  and  the  only  cause  to 
which  1  can  attribute  it  is  to  some  change  in  the  estimate  which 
Bocrhaavc  made  of  the  expansion  of  mercury ;  for  this  certainly 
entered  into  his,  though  not  into  Fahrenheit's,  calculation.  Indeed^ 
there  is  no  other  way  of  understanding  his  meaning,  but  that  mer- 
eury  will  expand  -r^-J+fi  "  '''^  ''*^^*  ''^  increased  from  the  tempera- 
ture of  F.'s  freexing  mi.Mure  to  that  of  boiling  water;  or.j-^,4-j. 
from  the  same  zero  to  the  heat  of  a  healthy  man's  body,  Now 
when  speaking  of  the  expansion  of  spirits,  JJ  he  says,  if  we  take 
a  glass  vessel  terminating  in  a  narrow  tube  carefully  made,  which 
contains  96  parts,  whereof  the  lower  vessel  contains  19;i3,  pure 
spirits  of  wine,  which  filled  the  lower  vessel  at  the  temiierature  of 
xevo,  would  expand  so  as  to  fill  the  lube  also  when  the  heat  of  a 
healthy  man  was  applied  to  it.  In  this  case  we  have  the  expansion 
expressed  by  the  fraction  tHt-  Hence  we  see  that  Boerltaare 
wished  in  both  instances  to  cx|>ress  a  ratio ;  and  tf  the  scale  had 
been  formed  upon  any  assumed  division  of  the  original  mass,  the 
number  which  expressed  that  division  would  have  remained  the 
snnie  in  both  instances ;  whereas  he  retains  the  same  numerator,  and 
varies  the  denominator,  which  is  to  express  the  number  of  these 
pans :  fiom  whence  I  think  we  are  fully  justified  in  concluding  that 
these  numbers  were  nut  the  foundation  oti  which  the  scale  was 


t  P.  47. 
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farmed,  but  that  the  scale  having  pieviously  been  fixed,  these 
Buffibers  were  accommodated  to  them. 

'  But  your  CorresjpoDdent  sees  an  advantage  in  this  method  of 
eonsidering  the  tsubject ;  because  it  will  make  the  thermometer 
denote,  not  only  the  temperature,  but  the  expansion.  No  scale 
£v]ded  into  equal  parts  can  do  this  exactly ;  but  still  the  principle 
was  probably  in  Boerhaave's  mind,  although  his  numbers  do  not 
express  it  with  any  thing  like  accuracy.  This,  however,  was  by  no 
means  the  case  with  Fahrenheit ;  nor  does  it  give  any  peculiar  ex- 
cellence to  his  scale.  For  example,  let  us  consider  the  centigrade 
thermometer :  Sir  G.  Shuckburgh  Evelyn  says,  *  that  ^'  if  quick'* 
silver  at  freezing  be  supposed  to  be  divided  Into  13119  parts,  the 
increase  of  volume  by  the  heat  of  boiling  water  under  a  pressure  of 
30  iodies  Is  208  of  those  parts.''  Now  20S  :  131 19  ::  100  :  6SO7. 
Therefore  if  we  conceive  the  mercury  at  the  temperature  of  meltings 
ice  to  be  divided  into  6307,  the  centigrade  thermometer  will  then 
point  out  that  this  volume  will  be  increased  to  640/  of  those  parts 
by  an  increase  of  lieat  up  to  that  of  boiling  water,  add  thus  will  be 
made  to  denote  the  expansion,  as  well  as  the  temperature.  Now  I 
know  DO  reason  why  we  should  conceive  the  original  mass  divided 
into  11156  rather  than  into  6307  parts.  It  is  erroneous,  therefore, 
to  assert  that  ^*  this  indication  of  expansion  is  an  advantage  which 
no  other  thermometrical  scale  '*  but  F.'s  ^^  possesses/' 

Still,  however,  it  may  be  asked  if  all  which  is  here  laid  down  be 
Ime,  what  reason  could  Boerhaave  have  for  giving  these  numbers  } 
And  to  this  a  very  plain  answer  may  be  given.  It  will  be  seen,  by 
barely  looking  at  Fig.  2  and  3  of  B.'s  Plate  V.,  tliat  he  not  only 
gives  the  same  scale  to  what  he  calls  ^^  F.'s  first  or  spirit  thermo- 
meter,*' as  he  does  to  wliat  he  denominates  iiis  **  second  or  mercurial 
thermometer,'*  but  he  also  places  the  zero  of  the  scale  in  both  cases  at 
the  insertion  of  the  tube  into  the  cylinder.  Now  by  examining  the 
passages  where  he  supposes  the  mercury  divided  into  11124,  and 
the  spirits  into  1933  parts,  it  will  be  seen  that  he  does  not  take  any 
given  naass  to  be  divided  into  these  numbers  of  parts,  but  only  that 
which  will  exactly  fill  his  bulb  or  cylinder.  Hence  I  conclude  that 
it  was  not  his  intention  to  enter  into  any  philosophical  discussion  of 
the  scale,  but  merely  to  give  practical  rules  for  graduating  parti- 
cular instruments;  so  that  the  size  of  the  bulb  and  the  relative 
dimension  of  the  tube  being  known,  it  might  be  easily  ascertained 
at  any  temperature  what  quantity  of  the  fluid  must  be  introduced  in 
order  to  have  the  lowest  point  of  the  scale  at  the  very  bottom  of  the 
tube.  This  seems  to  have  been  likewise  the  sense  in  which  Dr. 
Martine  f  tmderstood  him ;  and  it  is  further  confirmed  by  the  fol- 
lowing passage  from  Muschoenbroek :  X  ^^  Cognoscitur  quantum 
mercurius  in  tubo  cuicumque  gradui  scalas  respondens  dilatetur  quia 
ad  nunc  est  scala  Fahrenheytii  600  graduum,  capacitas  ventris  est 

•  PhU.  Trans,  vol,  Ixvii.  p.  566. 

+  Sect.  25: 

i  £l«mepta  Pbysiccs,  Lu^d.  Bat.  1762,  pu  6S0,  sect.  169t. 
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ad  earn  tubi  uli  U  124  ad  GOO,  et  si  scala  inciperct  ubi  nuftC"! 
gradus  sub  0,  oportet  ut  veiitris  amptitudo  sit  ad  earn  lubi  uit  1 1094( 
ad  eOO;  vel  utillKMad  630."  The  Eumbers,  likewise,  might 
have  been  intended  to  have  ihe  further  advantage  of  affording  the 
means  of  deducing  the  relative  expansion  of  the  fluid  from  the 
different  degrees  on  the  scale,  although  it  certainly  does  not  derive 
ihe  number  of  those  degrees  from  the  relative  expansion. 

Upon  the  whole,  then,  1  must  confess  that  1  see  no  reason  tv 
think  that  F.  derived  his  scale  from  any  property  of  the  expanaioB 
of  either  mercury  or  spirit  of  wine.  If  the  origin  of  it  is  now  to 
be  detected,  it  must  be  looked  for  in  some  cause  perfectly  indepea-' 
dent  of  either,  and  there  are  some  circumstances  which  will  pro- 
bably lead  to  it. 

It  has  been  seen  from  his  own  account  that  his  first  short  scale 
CKlended  only  from  0  to  96,  and  Van  Swinden  mentions*  that  hi 
at  first  divided  these  into  only  24  parts;  but  that,  finding  his  degrees 
by  this  means  loo  few,  he  afterwards  increased  them  into  four  tutie> 
that  number.  Now  this  seems  to  suggest  a  probable  conjectun 
when  it  is  combined  with  what  V.  S,  t  quotes  from  the  Acta  Erad; 
Lips,  for  1714,  p.  3S0.  It  is  there  slated  tiiat  F.  made  two  ther-' 
mometers  for  Professor  Wolf,  and  that  the  tube  of  each  was  divided 
into  3G  degrees,  and  that  each  degree  was  divided  into  four  subdi- 
visions. The  second  of  these  degrees  was  marked  "  very  great 
cold,"  and  from  thence  to  the  top  of  the  scale  were  24  degrees. 
These  thermometers  were  graduated  to  two  degrees  below  0,  and 
names  were  aflii^ed  in  the  following  order : — 
0,  very  great  cold, 

4,  great  cold,  I 

8,  cold  air, 

12,  temperate,  * 

16,  hot, 

20,  very  hot, 

24,  insup|M)r(able  heat. 
This  last  is  tlie  same  degree  of  heat  with  that  of  the  human  body;    i 
but  the  names  here  are  only  derived  from  the  sensations  produced    ' 
by  the  weather ;  and  although  the  frame  of  man  can  resist  an  heat 
of  96",  still,  with  reference  to  all  European  ideas  of  comfort,  it 
may,  with  no  great  violence  to  language,  be  called  "  insupport- 
able : "  besides,  in  the  early  part  of  the  last  century  there  was  little 
precise  knowledge  of  what  heat  could  be  supported;  and  as  Boer- 
faaave  J  fancied  that  the  limit  of  natural  cold  was  the  zero  of  Fah- 
renheit, to  which  the  mercury  descended  in  1709,  §  so  it  might 
have  appeared  to  be  impossible  to  bear  a  greater  hi'at  than  that 
which  was  produced  by  the  economy  of  the  human  body  iiself.    Be 
this,  however,  as  It  may,  it  must  strike  every  one,  from  the  manner 
in  which  I  have  arranged  the  numbers,  that  they  all  go  on  in  aritb- 
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ibetical  progression  with  a  commoif  difference  of  4.  I  think,  there- 
Ibre^  that  it  is  by  no  meand  improbHble  that  F.  iiad  framed  to  him-*> 
lelf  an  idea  of  six  equal  gradations  of  temperature  from  his  point 
of  extreme  cold  to  that  of  insupportable  heat ;  bat  six  were  too  few 
kft  preciaion  in  observation,  and  he  therefore  was  induced  to  divide 
them  into  qoarters,  which  gave  24  degrees  in  the  same  manner  as 
he  afterwards  introduced  four  subdivisions  into  each  degree,  which' 
gives  the  numben  of  our  present  scale,  which  answer  to  those 
above,  and  which  are  0,  16,  32,  48,  64,  80,  96*. 

I  have  possibly  made  this  already  too  long,  and  yet  I  am  tempted 
to  add  one  more  remark  on  the  subject  in  question.  1  turned  to  the 
article  ThermomeieTf  in  the  Encyclopaedia  Britannica,  in  order  to 
try  whether  I  could  find  any  remarks  which  would  serve  me  in  the 
present  inqairy ;  I  found  nothing :  but  when  treating  *  of  the  divi- 
sion into  180^  between  the  freezing  and  the  boiling  |X)ints,  it  is 
approved  of  as  giving  a  sufficiently  large  number  of  degrees,  but 
objected  to  on  account  of  its  quotients,  when  it  is  repeatedly  di- 
vided, soon  becoming  an  odd  number.  Now  from  what  we  have 
seen  above,  this  objection  applies  only  to  the  extension  of  the  scale 
beyond  what  it  was  originally  intended  for,  and  few  numbers  could 
have  been  fixed  upon  which  were  better  than  96.  It  must  be  fresh 
in  every  one's  recollection  that  this  is  the  very  number  into  which 
Burd  recommended  to  divide,  and  actually  did  divide,  the  quadrant. 

S. 

P.  S.  Plate  534  of  the  Enc.  Brit,  is  a  copy  of  Martine.  It  will 
be  found  also  in  Desagulier's  Lectures,  Button's  Diet,  and  many 
other  publications.  As  I  see  your  name  among  those  who  are  to 
contribute  to  the  supplementary  volumes  of  the  Enc.  Brit.,  let  mc 
fuggest  the  improvement  of  giving  Van  Swinden's  much  superior 
plate  of  comparative  scales.  I  looked  for  Musschoenbroek,  and 
his  name  is  not  mentioned.  The  Editors,  likewise,  should  be  aware 
that  Wallis's  account  of  the  Helmdon  mantle-tree,  to  which  a  re- 
ference is  made  in  the  article  Arithmetic,  is  supposed  to  be  erro- 
neous. On  this  subject  they  may  consult  the  Archseologia,  vol.  xiii. 


Article  V. 

Sonar ks^ on  the  Wire-Gauze  Lamp  lately  constructed  ly  Sir  H. . 

Dam/n    By  Mr..  John  B.  liongmire. 

Sib  Humphry  Davy's,  lamp  being  now  fully  before  the  public, 
its  merits  and  demerits  may  be  freely  discussed.  Before  entering 
Upon  the  subject  of  tliis  paper,  I  beg  leave  to  remark  that  some- 
times there  are  not  wanting  those  who  rather  stigmatize  the  person^ 

•  P.  403; 
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than  refute  the  argument,  of  a  coutrovcrsialUt ;  but  allhouj 
conduct  is  too  often  resorted  to  by  persons  whose  acquii 
and  situations  in  life  ought  to  inspire  ihcm  with  more  liberal 
inents,  yet  1  do  expect,  from  the  known  liberality  of  the  j 
whose  work  I  am  now  to  animadvert  upon,  that  any  rpmark,  either 
in  the  praise  or  dispraise  of  this  lamp,  will  be  received  by  every 
body  interested  with  the  same  good  will  that  it  is  delivered. 

Sir  Humphry  Davy's  lamp  consists  of  a  cylinder  of  whe-gauze, 
about  six  inches  long,  and  two  inches  diameter,  which  is  covered  at 
the  top  by  two  layers  of  wire  at  about  half  an  inch  asunder,  and 
which  i>  fiutened  at  the  bottom  to  a  brass  ring  that  screws  on  to  the 
body  of  the  lamp  containing  the  wick  and  oil. 

By  this  contrivance,  the  air  which  passes  to  the  inflamed  wick 
passej  only  through  the  apertures  of  the  wire-gauze;  and  when  a 
mixture  of  air  and  inflammable  gas  enters,  it  either  bums  in  the 
inside  of  the  wire-gauze  (but  then  the  flame  cannot  escape  through 
the  apertures,  nor  the  mixture  which  surrounds  the  lamp  be  set  on 
fire) ;  or,  as  when  the  quantity  of  gas  is  great,  it  extinguishes  the 
light.  The  miner,  therefore,  may  venture  to  travel  through  every 
jfflrt  of  the  mine,  whether  foul  or  pure ;  for  if  he  enters  a  mixture,  ' 
snd  sees  the  inflammable  air  burning  in  the  lamp,  he  may  travel  ot^ 
ind  perhaps  pass  through  the  foul  part,  if  the  inflammxifie  air  do 
not  put  out  his  light }  and  even  then  he  can  return  in  safety.  A 
lamp  so  contrived  is  sure  to  give  the  collier  absolute  or  perfect  secu- 
riljf  against  his  most  destructive  foe — the  inflammable  air. 

But  this  much  desired,  this  perfect  security,  is  to  colliers  what 
perpetual  motion  b  to  meclianics — a  want !  never  to  be  obtained  by 
fiuman  intellect.  f-~eri/  Jew,  if  any,  practical  miners,  will  come 
before  the  public,  and  pledge  their  credit  on  the  unrestricted  asser- 
tion that  Sir  Humphry  Davy's  lamp  will  give  tlie  perf«ct  security  so 
much  boasted  of.  That  the  lamp  when  newly  made,  and  coti- 
atructed  according  to  the  rules  laid  down,  will  not  set  hre  to  the 
exterior  inflammable  air,  must  be  admitted  by  all;  but  wiien  ill 
materials  have  begun  to  wear,  an  ample  source  of  accident  is 
opened;  the  fatal  eflecti  of  which  will  be  very  much  increased  by 
the  precarious  tenor  of  the  mine,  and  the  uncertainly  of  human 
agency. 

It  would  appear  that  even  the  construction  of  the  lamp,  contain- 
ing in  itself  the  seeds  of  future  uncertainty,  is  a  conclusion  which 
may  be  drawn  from  Sir  Humphry  Davy's  own  words.  He  says, 
"  Persons  appointed  by  the  viewers  should  daily  inspect  the  lampsj 
lind  supply  tliem  with  oil ;  and  lo  prevent  the  possibility  of  accidents 
from  the  removal  of  the  gauze  cylinders,  they  may  be  fastened  to 
the  lamp  by  small  padlocks ;  though,  as  the  imminent  danger  arising 
from  suck  a  circumslance  is  obvious,  the  precautions,  it  may  St 
hoped,  will  be  unnecessary."  Such  precautions  as  these  are  entirely 
unnecessary  were  the  lamp  constructed  to  perfection.  The  man 
who  inspects  the  lamp  has  a  most  arduous  task  to  perform.  He  is 
to  see  that  the  apertures  in  ever;  lamp  (and  there  are  from  14^000 
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'p  IG^OOO  of  them  J  are  not  more  than  -^^  or  at  most  -^^  of  au 
Vh  on  the  side^  or  the  ^^  part  of  an  inch  is  to  be  ,the  greatest 
^etu     He  must  take  care  that  the  space  between  the  parts  of  the 
screw  IS  in  no  place  more  than  the  side  of  an  aperture ;  and  he  lias 
all  this  to  do,  besides  trimming  and  oiling  the  lamps.     He  must 
haye  very  keen  eyes  to  check  the  apertures;  but  how  he  is  to 
irnoage  the  screw  is  what  1  cannot  advise  him,  io  a  certainty,  and 
even  Sir  Humphry  himself  will  be  puzzled  to  do  it.     Sir  Humphry 
Davy  dare  not  trust  the  oiling  and  trimming  of  his  lamp  to  the 
penon  who  works  with  it ;  yet  to  be  perfect,  it  ought  to  be  safe  ia 
every  person's  hands ;  and  the  restraint  thus  luid  upon  its  use  mili- 
tates against  its  great  practical  utility.     If  the  lamps  are  to  be  pad- 
locked, by  one  person,  when  a  collier  loses  his  light  he  has  to  travel 
io  the  dark  till  he  find  the  man  with  the  key ;  that  is  to  say,  he  is  to 
travel,  if  he  can  find  his  way  in  the  dark  1     If  they  are  not  pad- 
locked, and  every  miner  has  the  management  of  his  own  lamp,  it 
is  not  to  l)e  supposed  that  every  one  will  always  go  to  the  place  fixed 
9Q  to  light  the  lamp:  when  they  are  in  separate  workings,  and 
alone,  they  will  light  them  fn  less  distant  places,  which  they  think, 
suitable,  but  which  will  not  be  always  safe.     The  lamp,  therefore, 
as  to  conduction,  ■  neither  yields  a  desirable  degree  of  convenience 
nor  absqlii^e  security. 

In  piMice  the  wire-gauze  lamp  will  be  liable  to  accidents,  and 
of  course  insecure.     If  we' suppose  the  lamps  to  be  always  con- 
structed properly,  which  might  admit  of  a  doubt,  on  their  intro- 
ducdon  into  the  mine,  the  gauze  rusts  much  faster  than  in  commod 
air^  by  the  alternate  action  of  heat  and  cold*  and  air  and  water, 
which  last,  in  coal-mines,  corrodes  iron  very  fast ;  so  that  in  a  few 
months  the  rusted  parts  would  fall  off  in  flakes,  or  be  detached  by 
a  slight  blow  against  any  hard  substance  ;  when  the  rust  begins  to 
&U  off,  the  apertures  enlarge,  uncertainty  commences,  and  may 
aqd  io  misfortune.     The  apertures  will  be  increased  in  sjze  from 
other  causes.    If  the  lamp  strike  sideways  against  any  sharp  pointed- 
instruoieot,  this  penetrates  the  lamp,  and  increases  the  size  of  aa 
aperture ;  or  if  the  lamp  scrape  at  the  projecting  part  jof  the  cone, 
or  stone  wall,  the  arrangement  of  the  apertures  will  be  disturbed, 
some  of  them  being  enlarged,  and  others  lessened.     In  l>oth  cases 
it  is  highly  improbable  that  the  change  can  always  be  observed  be- 
fore some  fatal  accident  has  resulted  from  it.    That  the  lamp  is  not 
perfectly  secure,  either  in  construction  or  practice,  will  now,  I . 
think,  appear  sufficiently  evident. 

Did  we  for  a  moment  take  it  for  granted  that  the  wire-gauze  lamp 
W9S  infallible,  still  coal-miners  arc  not  altogether  secure  from  the 
destructive  effects  of  infirm mable  air.     It  may  be  set  on  fire  by  the 
ventilating  furnace.     The  chance  of  its  being  so  might  indeed,  as     , 
has  been  some  time  suggested,  be  much  lessened  by  using  charcoal   / 
well  burnt,  instead  of  coal.     But  suppose  an  explosion  take  pl^ce,  / 
whether  would  the  steel  mill  or  wire-gauze  lamp  be  the  more  useful  j 
mode  of  getting  light  ?    The  steel  mill,  most  undoubtedly  !     I'hi^/ 
Vol.  Vill.  N''  I.  C  . 


On  the  Power  of  Spiders  to  convey  their  Tftreads 
light  of  the  wire-gauze  lamp  would  soon  be  put  out  by  the  ! 
gH3es  of  combustion,  but  the  steel  mill  would  coiilinue 
%lit.  If  liy  accident  the  light  in  the  lamp  of  a  persoo  g 
find  the  burned  miners  is  put  out,  the  object  of  the  journeyl 
least  retarded;  and  n  delay  under  such  circumstances  is  ili<j 
highest  degree  an  injury.  In  a  common  working,  where  thei' 
only  slightly  mixed,  the  wire-gauze  lamp  may  be  preferred, 
less  expensive,  and  less  troublesome  ;  but  when  the  lamp  g 
the  mill  may  be  used.  The  steel  mill  has  always  been,  andj 
erer  will  be,  the  miner's  last  resource.  It  can  be  used  witlrl 
where  neither  candle  nor  lamp  can  burn,  and  it  is  in  all  aiti; 
much  safer  than  any  other  means  of  giving  light. 

To  conclude,  I  am  of  opinion  that  the  wire-gauze  lamp  at  pr 
enjoys  a  greater  reputation  than  it  will  retain-  It  has  been  hith 
contemplated  through  the  beauty  and  novelty  of  the  cspcriniemj 
while  the  great  obstacles  It  has  to  meet  with  in  the  mine  have  Dot 
been  titken  into  the  question  so  much  as  they  ought.  A  few  years' 
experience  will  give  it  that  place  in  the  estimation  of  miners  which 
mlj/  Us  real  utility  will  obtain  for  it. 


Article   VI. 

On  tft^  aslonUh'ing  Power  which  Spiders  have  of  conveyi/ig  their 
Threads  from  one  Paint  to  /mother  at  a  considerable  Distant* 
from  it,  without  any  intermediate  Communicalion.  By  M.  W. 
Carolan. 

(To  Dr.  Tliomson.) 
SIR, 
I  HAVE  frequently  remarked,  with  some  surprise,  the  deficiency 
of  information  amongst  naturalists  witli  respect  to  the  method  bj 
which  the  weaving  spiders  fix  their  threads  between  two  points, 
distant  from  each  other  perhaps  several  feet,  or  yards,  without  any 
visible  means  by  which  they  can  accomplish  it.  The  writers  of 
some  date  who  treat  of  the  natural  history  of  spiders  were  not  only 
ignorant  how  this  was  done,  but  did  not  even  perceive  that  tlit^ 
needed  lo  be  informed  respecting  it.  They  generally  seem  to  have 
■upposed  thut  the  thread  which  the  spiders  left  behind  them  bore 
them  up,  'J'his  every  one  knows  is  a  great  mistake  ;  for  if  a  spider 
is  suspended  by  the  end  of  its  thread,  however  long  the  thread  may 
be,  it  drops  down.  Those  who  have  written  more  recently  on  this 
subject,  both  observe  the  curious  fact,  and  confess  that  it  yet  re- 
mains to  be  satisfactorily  explained. 

Mr.  Kirby,  in  his  excellent  Introduction  to  Entomology,  endea- 
vours partly  to  account  for  this  circumstance,  by  supposing  that 
when  the  geometrical  spider  has  climbed  up  the  side  of  any  thing 
standing  nearly  perpendicular,  it  fixes  its  thread,  goes  down  again. 
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Ad  eats  tite  ^aid^  which  it  has  let  oat  at  the  bottom  of  the  ascent ; 
md  the  line  being  extremely  buoyant,  immediately  floats  in  the 
ib^  -snd  catching  hold  of  whatever  is  within  its  length,  the  spider 
ft  this  way  makes  a  conveyance  to  go  across.  But,  as  Mr.  Kirbj 
observes,  this  cannot  be  the  case  where  the  threads  are  drawn 
lateral  feet  fong  between  two  stalks  not  a  foot  higlier  than  the 
groend,  as  the  threads  formed  by  the  process  above-mentioned  can 
aever  fee  longer  than  the  height  of  the  ascent.  Neither  can  ■  it 
■eeount  lor  the  extension  of  long  lines  across  pools  of  water  fixcMl 
to  the  tops  of  short  bulrushes;  nor  when  threads  are'dranivn  be» 
tiveen  the  outermost  branches  of  trees. 

Mr.  Kirby  also  gives  us  the  opinion  of  another  person,  who  in* 
iMrms  tis  that  he  has  seen  spiders  standing  and  shooting  out  threads 
in  any  direction  they  pleased,  and  to  any  length,  which^  by  some 
power  mknown  to  us,  are  pointed  to  any  particular  spot  to  which 
Aey  wish  them  to  fasten.  But  although  some  species  of  spiden 
fc  possess  this  power,  it  cannot  sufficiently  account  for  the  regwtar 
trty  in  which  the  fong  threads  are  placed,  which  su[qEK)rt  the  nets  of 
Ae  geometrical  spider,  as  the  most  gentle  zephyr  in  this  case  wontd 
easily  destroy  that  uniformity  and  tenseness  which  the  threads  are 
always  observed  to  hold,  lying  in  general  quite  parallel  to  each  other. 
A  splder^s  thread,  when  very  long,  does  not  always  keep  stretched 
inoX  while  flying  in  the  air,  and  consequently,  although  the  end  did 
iSnten  to  something,  we  would  often  find  it  hanging  in  a  curved 
ibrio;  but  we  seldom  or  never  meet  with  any  of  these  lines^  but 
^iiite  straight  and  tight. 

Mr.  Kirby  remarks  that  Pliny  thought  it  much  to  the  discredit  of 
fte  naturalists  of  his  time  that,  while  they  ivere  disputing  about 
(heir  mythological  statues,  they  were  not  able  to  tell  whether  the 
qoeen  bee  had  a  sting  or  not.  And  he  thinks  it  not  less  surprising 
Untt  the  entomologists  of  the  present  day  should  not  be  able  to  in- 
brm  us  htm  the  geometrical  spider  fixes  the  long  lines  that  support 
ler  Aet. 

Hating  often  formed  various  conjectures  respecting  the  method 
if  which  there  was  any  probability  of  these  spiders  performing  this, 
\  at  length  concluded,  from  strong  presumptive  evidence,  that  it 
voold  he  almost  impossible  to  account  for  it  in  any  other  way  than 
ij  siipposing  the  spiders  to  have  the  power  of  flying  ;  but  this  ap- 
Mared  so  eontrary  to  the  general  economy  of  nature  (as  we  have  no 
nstance  of  ifny  creature  flying  without  wings  of  some  description), 
Ikat although  I  cotrld  hardly  help  believing  it,  yet  it  required  actual 
Aservatidn  to  render  it  an  unquestionable  fact.  All  doubt  with  me, 
Kmever,  was  at  last  removed  by  the  following  incident.  Some  years 
1^0,  triiile  shfting  by  the  side  of  a  plantation,  I  observed  a  pretty 
large  spider  crawl  up  to  the  top  of  one  of  the  highest  stalks  of  a 
rtOAll  bush  of  hisfaes,  and  after  resting  a  short  time,  it  took  its  flight 
limoit  straight  upwards,  and  alighted  on  a  leaf,  at  the  end  of  one 
of  die  bnitiches  of  a  tree  about  nine  or  ten  feet  above  the  placb 
where  it  set  off    I  wat  not  so  much  surprised  at  this,  as  I  waft 
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partly  prepared  for  something  of  the  kind,  as  highly  gratified  at  the, 
confirmation  of  my  former  suppositions.  There  was  no  thread, 
previously  drawn  between  the  two  places,  neither  was  it  wafted  up, 
by  any  wind,  the  weather  being  quite  calm,  a  clear  sunshine,  aMlj 
the  situation  well  sheltered  by  trees,  as  far  as  I  can  recollect.  It 
also  moved  a  great  deal  (juicker,  and  more  smoothly,  than  if  it  had 
ascended  by  a  thread,  its  flight  exactly  resembling  that  of  a  cotniaoa 
fly.  If  from  this  single  instance  we  might  ascribe  this  power  to  all' 
the  spiders  of  the  weavmg  class  that  spin  long  threads,  it  would 
completely  account  for  this  surprising  phenomenon.  At  any  rate,  it 
nay  lead  to  experiments  which  may  more  fully  establish  the  fact. 
1  never  was  so  fortunate  as  to  observe  another  fly. 

The  idea  of  the  geometrical  spiders  possessing  t!iis  property  m 
general,  will  appear  quite  probable  if  we  talie  into  view  the  follow- 
ing considerations.  They  are,  for  the  most  part,  very  light,  iu  com- 
parison to  their  size.  Their  legs  also,  from  their  length,  might  assist 
them  in  part  to  fly,  or  to  direct  their  course  in  the  air.  Those 
at  t\}e  sides,  if  moved  in  a  vibratory  way,  might  act,  either  in 
raising  them,  or,  like  oars,  help  to  push  them  forward ;  while  those 
behind,  when  stretched  out,  might  serve  as  a  tail,  as  in  some  kinds 
of  flies.  The  power  they  have  of  springing  pretty  high  might 
facilitate  their  offset ;  and  the  thread  which  they  let  out  having  a 
tendency  rather  to  rise  in  the  air  than  fall,  might  contribute  still 
further  to  aid  them.  Besides,  as  they  fly  very  fast,  it  is  possible 
that  the  lines  sent  quickly  from  their  spinners  might  act  in  some 
small  degree  like  the  tail  of  a  rocket,  which,  when  ignited,  makes 
the  rocket  fly  in  any  direction  to  which  it  is  pointed.  But  it  is  very 
possible  that  the  principal  means  by  which  these  spiders  may  be 
enabled  to  fly  with  ease  might  be  in  consequence  of  having  a  vesicle 
for  containing  air  in  some  part  of  their  body,  resembling  the  swiia 
of  a  fish,  by  which  it  is  enabled  to  rise  from  the  bottom  to  the 
surface  of  the  water.  Supposing  the  geometrical  spiders,  &c.  to  have 
a  vesicle  of  this  description,  with  the  power  of  filling  it  with  a  gas 
lighter  than  the  atmospheric  air,  they  would  easily,  with  tlie  con- 
currence of  the  circumstances  bufore  mentioned,  move  through  the 
air  to  any  distance.  Naturalists  generally  believe  tliat  birds  have 
small  air  vesicles  in  some  parts  of  their  body,  which  are  filled,  when 
they  wish  to  rise,  with  a  decomposed  light  air,  rendering  them 
more  buoyant.  Carry  this  idea  just  a  little  further,  and  we  can 
easily  conceive  a  spider  to  fly,  and  direct  its  course  to  any  point  it 
inclined.  1  have  sometimes  dissected  one  or  two,  but  could 
never  discover  a  vesicle  of  this  kind  ;  but  it  is  evident,  if  there  is 
any,  it  must  be  estremely  difficult  to  perceive  it,  except  whea  in- 
flated ;  and  this  is  not  likely  to  be  the  case  when  the  creature  is 
dead.  It  is  likely  that  the  faculty  of  rendering  themselves  lighter 
in  enabling  them  to  stop  suddenly  when  descending  ra- 
a  height  through  the  air,  by  letting  out  their  line ;  for 
the  thread,  after  they  have  stopped,  a  small  tug,  tliey 
to  descend  further,  apparently  against  their  will;  so  that 
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it  weald  appear  they  have  not  the  power  of  closing  their  spinners  so 
['  b  to  prevent  the  possibility  of  the  threads  being  drawn  out  by  a 
amall  additional  impetus.  They,  indeed,  appear  always  to  be 
letting  out  their  thread  whenever  they  crawl,  as  a  kind  of  security. 
This  b  particularly  observable  if  we  look  over  a  ploughed  field  in 
the  autumnal  months,  while  the  dew  is  lying.  The  whole  field 
Mfen  appears  quite  covered  with  spiders'  threads  between  the  ridges. 
The  geometrical  spiders  seem  to  take  great  pleasure  in  drawing 
many  long  threads  between  the  trunks  of  trees,  where  they  are 
plentiful,  especially  in  autumn.  They  have  no  end  seemingly  in 
view  while  doing  this,  as  there  are  no  nets  attached  to  them.  In 
passing  through  some  woods  we  may  see  thousands  of  these  threads 
in  every  direction  between  the  trees,  often  several  yards  long.  And 
every  one  must  have  felt  in  such  a  situation  the  necessity  of  putting 
their  hands  frequentlv  to  their  feces  to  rub  off  the  lines  which  con- 
stantly come  across  tfiem  as  they  walk  along,  producing  firequently 
t  very  tickling  sensation. 

M.  W.  Carolan. 
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Exf^iments  on  Prussic  Acid.    By  M.  Gay-Lussac. 

(Continued  from  Vol.  VII.  p.  364,) 

II.  Of  CyanogeTi,  or  the  Radical  of  Prussic  Add. 

I  discovered  the  peculiar  gas  called  cyanogen  by  decomposing  the 
tyanuret  of  mercury  by  heat.  But  as  the  cyanuret  of  mercury 
varies  in- its  composition,  and  in  that  case  does  not  furnish  the  same 
fn'oducts,  I  shall  begin  by  describing  how  it  ought  to  be  prepared. 

By  digesting  red  oxide  of  mercury  with  Prussian  blue,  we  obtain 
a  cyanuret  perfectly  neutral,  which  crystallizes  in  long  four-sided 
prisms  truncated  obliquely.  We  may,  by  repeated  evaporations  and 
crystallizations,  free  it  from  the  iron  which  it  contains ;  but  I  think 
it  better  to  boil  it,  as  M.  Proust  has  prescribed,  with  peroxide  of 
mercury,  which  completely  precipitates  the  oxide  of  iron,  and  I 
then  saturate  the  excess  of  oxic'e  of  mercury  with  a  little  hydro- 
cyanic acid,  or  even  with  muriatic  acid.  It  is  cyanuret  thus  pre- 
pared that  1  decompose  by  heat,  in  order  to  obtain  the  radical ;  but 
for  common  experiments  we  may  dispense  with  these  precautions. 

When  this  cyanuret  is  boiled  with  peroxide  of  mercury,  it  dis- 
solves a  considerable  quantity  of  the  oxide,  becomes  alkaline,  crys- 
tallizes no  more  in  prisms,  but  in  small  scales,  and  its  solubility 
appears  a  little  increased.  When  evaporated  to  dryness,  it  is  very 
easily  charred,  which  obliges  us  to  employ  only  the  heat  of  the  water 
bath.  This  compound^  wfaicb  might  have  been  dis\.vn^<^tdi  V) 
ike  Dame  of  suh-prusskte,  whs  oteerved  by  M.  Proust*    ^Atm.  &q 
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Chim.  mil.  Is-  p.  228.)  When  decomposed  by  beat,  it  ^ 
abundance  of  cymiogeit,  but  mixed  with  carbonic  acid  gaa  aod 
azote,  M.  Proust  says  that  we  obtain  nnimonia,  oil  in  considerable 
abundance,  carbonic  acid,  azote,  and  oxide  of  carbon.  For  mj 
part,  though  I  endeavoured  to  discover  the  ammonia  and  oil,  I  was 
not  able  to  perceive  the  least  trace  of  them. 

The  accuracy  of  M.  Proust  was  too  well  known  to  me  ta  lead  me 
to  doubt  of  the  results  which  he  had  obtained.  1  was,  tlierefore, 
led  to  suspect  that  the  cyanurct  which  he  had  employed  was  ve^ 
difierent  from  mine.  But  at  last,  after  some  examination,  I  have 
discovered  the  cause  of  the  difference  in  our  results.  M.  Proust 
employed  a  moUt  cyanurei,  while  mJne  was  very  dry ;  and  had  not 
water  been  present,  the  discovery  of  cyanogen  could  hardly  liavc 
escaped  him.  The  cyanuret  of  mercury,  when  neutral  and  ouitf 
diy,  gives  nothing  but  cyanogen;  but  if  it  be  moisi,  it  lurnkshn 
only  carbonic  acid,  ammonia,  and  a  great  deal  of  hydro-cyuiie 
vapour.  When  we  employ  the  alkaline  cyanuret  moist,  we  obtais 
the  same  products,  but  in  diiTerent  proportions,  and  likewise  azote 
and  a  brown  liquid,  which  M.  Proust  has  taken  for  an  oil,  though 
it  be  not  so  in  reality. 

Therefore  to  obtain  pure  cyanogen,  it  will  be  sufiiicienl  to  employ 
a  neutral  cyanuret  of  mercury  in  a  state  of  perfect  dryness.  If  i 
had  been  aware  at  6rst  of  the  influence  of  moi.-^ture,  the  analysis  of 
cyanogen  would  have  cost  me  much  less  time ;  for  then  the  variable 
proportions  of  hydrogen  which  it  contained,  and  the  anomalies  re- 
sulting from  them,  would  not  have  so  much  embarrassed  roe. 

As  I  think  1  have  demonstrated  that  the  neutral  combination 
known  by  the  name  of  prussiate  of  mercury  is  b  cyanuret,  it  would 
ippear  that  the  alkaline  combination  of  which  1  have  just  spoken  is 
■  Bub-cyanuret.  But  the  case  is  not  so.  It  is  a  compound  of  ojiide 
of  mercury  and  cyanogtn,  analogous  to  many  other  compounds  of 
this  kind,  which  have  not  yet  been  sufficiently  observed,  and  M 
which  1  draw  the  attention  of  chemists.  Thus  when  the  deuto- 
chloruret  of  mercury  is  decomposed  by  potash,  we  obtain,  provided 
tlie  alkali  be  not  in  eKceas,  a  brick-coloured  precipitate,  wliich  is  i 
triple  compound  of  chlorine,  oxygen,  and  mercury,  or  a  binary 
compound  of  osidc  of  mercury  with  the  chloride  of  that  melal.  It 
is  obvious  that  we  cannot  call  it  a  sub-chloride  of  mercury.  The 
jVQpername  would  be  oj^cA/orKfeo/'MJerciHy.  The  sulpburetedootide 
of  antimony,  which  ought  likewise  to  be  distinguished  by  the  name 
of  oxysulphtiTt'.t  of  antimony,  and  many  other  combinations  are  in 
the  same  case.  1  shall  remark,  on  this  occasion,  that  the  com- 
plex combinations  resulting  from  the  union  of  two  binary  com- 
pounds require,  in  general,  that  there  should  be  an  clement  commcui 
to  each  compound.  The  salts  fiimish  a  great  numl^er  of  examples 
of  this,  especially  the  triple  salts,  which  are  constantly  formed 
from  two  sails  of  ihc  same  genus,  and  it  would  be  difficult  to  point 
OiJt  combinations  between  a  chloride  or  a  sulphuret,  and  a  salt  pro- 
perly «o  called.  I  now  relim  to  tbe  method  of  preparing  cyanof 
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Wben  cjKiaret  of  mercury  is  exposed  to  heat  in  a  tmall  retort 
or  lube  shut  at  ooe  extremity,  it  soon  begins  to  bhcken.  It  then 
ipjiears  to  mek  like  an  animal  matter,  and  then  the  cyanogen  is 
diKOgaged  in  abundance.  This  gas  is  pure  from  the  beginning  of 
the  process  to  the  end,  provided  always  that  the  heat  be  not  veiy 
Ugh ;  for  if  it  were  sufficiently  intense  to  melt  the  glass,  a  little 
aiote  would  be  disengaged.  Mercury  is  volatilized  with  a  consider** 
able  quantity  of  cyanuret,  and  there  remains  a  charry  matter  of  the 
colour  of  soot,  and  as  lighf  as  lamp-black.  I  shall  give  an  aeoount 
of  it  afterwards.  The  cyanuret  of  silver  likewise  gives  out  cyanogen 
allien  heaberf ;  but  the  cyaauiet  of  mercury  is  preferable  to  eveiy 
•tjjer. 

,  Cyanogen  is  a  permanently  elastic  fluid.  Its  smdU,  which  it  is 
isapossible  to  describe,  is  very  strong  and  penetrating.  Its  solution  . 
b  water  has  a  very  sharp  taste.  It  burns  with  a  bluish  flame,  mixed 
with  purple.  Its  specific  gravity  compared  to  that  of  air  is  1*6064. 
I  obtained  it  by  weighing  at  the  same  temperature,  and  under  the 
tame  pressure,  a  ^balloon  of  about  2^  litres  (152*56  cubic  indies) 
(rf  capacity,  in  which  the  vacuum  was  made  to  the  same  degree, 
aod  alternately  full  of  air  and  cyanogen.  The  data  of  the  experi* 
loeot  are  as  follow  :-— 

Weight  of  the  balloon  empty    •  •  • A  -f  0*086  gramme 

full  of  air A  +  2-S24 

■  cyanogen. .  A  +  5*032    . 

On  dividing  the  weight  of  the  cyanogen  by  that  of  the  air,  we 
obtain  the  number  1*6064.  I  have  neglected  the  efiect  of  humidity, 
iecausef  not  knowing  it  exactly,  the  correction  would  have  beea 
aty^ertain.    Besides,  it  is  so  small  that  it  may  be  neglected. 

Cyanogen  is  capable  of  bearing  a  pretty  high  temperature  without 

being  decomposed.    Water,   with  which  I  agitated  it  for  some 

minutes,  at  tiiie  temperature  of  68^,  absorbed  almost  4^  tames  its 

volume.    Pure  alcohol  absorbs  23  times  its  volume.    Sulphuric 

ether  and  oil  of  turpentine  dissolve  at  least  as  much  as  water;  but 

I  did  not  attempt  to  ascertain  the  quantity  exactly. 

.    Uncture  of  litmus  is  reddened  by  cyanogen.    On  heating  the 

solution,  the  gas  is  disengaged,  mixed  with  a  little  carbonic  acid, 

and  the  blue  colour  of  the  litmus  is  restored.    The  carbonic  acid  k  . 

no  doubt  owing  to  the  decomposition  of  a  small  quantity  of  cyanogen 

and  of  water.    It  deprives  the  red  sulphate  of  manganese  of  its 

ixAffor,  a  property  which  hydro-cyanic  acid  does  not  possess*    This 

is  a  proof  that  its  elements  have  moie  mobility  than  those  of  the 

acid.    By  the  dry  way  it  separates  their  acid  from  the  carbonates. 

.  Among   the    simple  bodies    which  I  placed  in  contact  widi 

cyanogen,  in  a  temperature  produced  by  a  spirit  lamp,  which  is 

incapable  of  melting  glass,  I  found  that  phosphorus,  sulphur,  and 

iodine,  might  be  volatilized  in  it  without  undergoing  any  change. 

Its  mixture  with  hydrogen  was  not  altered  by  the  same  temperature, 

Bor  by  passing  alectncal  sparks  through  it    C^)per  and  ^Id  do 
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Bot-  combine  -with  it ;  but  iron,  when  heated  almost  to  wbii 
decomposes  it  in  part.  It  is  covered  with  a  shght  coating  of 
roal,  and  becomes  brittle.  The  undccomposed  portion  of 
mixed  with  azote.  }n  one  trial  the  azote  coastituted  0*14 
mixture,  but  in  general  it  was  less.  Platinum,  which  had  been 
placed  beside  the  iron,  did  not  undergo  any  Blteratiun.  Neither  ia 
Eurface,  nor  that  of  tbe  tube,  was  covered  with  charcoal,  like  tlte 
iron. 

In  the  cold,  potassium  acts  only  slowly  on  cyanogen,  because  a 
crust  is  formed  on  ils  surface,  which  prt:sents  an  obstacle  to  the 
mutual  action.  On  appiyingthe  spiiit-lamp,  the  potassium  l)ccomes 
speedily  incandescent;  the  absorption  of  the  gas  tjcgins,  the  in- 
Damed  disc  gradually  diminishes,  and  when  it  disappears  entirely, 
which  takes  place  in  a  few  seconds,  the  absorption  is  likewise  at  an 
end.  Supposing  we  employ  a  quaatity  of  potassium  that  would 
disengage  50  parts  of  hydrogen  from  water,  we  find  that  from  48 
to  50  parts  of  gas  have  disappeared.  On  treating  the  residue  with 
potash,  there  usually  remains  four  or  five  parts  of  hydrogen  ;  some- 
times 10  or  \'2.  1  have  made  a  great  number  of  experiments  to 
discover  the  origin  of  this  gas.  1  think  that  1  have  at  last  succeeded. 
It  is  derived  from  tbe  water  which  the  cyanuret  of  mercury  contains 
when  it  has  not  been  sufficicnily  dried.  Hydro-cyauic  vapour  it 
then  produced,  which,  when  decomposed  by  the  potassium,  leaves 
half  of  Its  volume  of  hydrogen.  Before  I.  was  aware  of  this  cause, 
I  concluded,  from  the  variation  In  the  quantity  of  hydrogen,  that  it 
did  not  proceed  from  the  cyanogen.  But  it  is  much  more  satisfac- 
tory to  know  to  what  source  it  is  to  be  ascribed.  From  this  esperl' 
nent,  I  shall  draw  as  a  consequence  that  potassium  absorbs  a. 
volume  of  cyanogen  equal  to  that  of  the  hydrogen  which  it  would 
disengage  from  water. 

The  compound  of  cyanogen  and  potassium  is  yellowish.  It  dis- 
solves in  water  without  effervescence,  and  the  solution  Is  strongly 
alkaline.  Its  taste  is  the  same  as  that  of  hydro-cyanate  of.  potash, 
of  which  it  possesses  all  the  properties. 

This  experiment  is  doubtless  very  instructive ;  but  It  Is  not  suffi- 
cient to  make  us  acquainted  with  the  true  nature  of  cyanogen. 
This  gas  being  very  inflammable,  1  detonated  it  in  Volta's  eudio^ 
meter  with  about  li-^  times  its  volume  of  oxygen.  The  detonation 
is  very  strong;  tbe  flame  is  bluish,  like  that  of  sulphur  burning  in 
osygen. 

Supposing  us  to  operate  on  100  parts  of  cyanogen,  wc  find,  after 
■the  detonation,  a  diminufion  of  volume,  which  amounts  from  about 
four  to  nine  parts.  When  the  residue  is  treated  with  potash  at 
J>arytes,  it  diminishes  from  195  to  200  parts,  which  are  carbonic 
add  gas.  The  new  residue,  analyzed  over  water  by  hydrt^n, 
gives  from  91  to  98  parts  of  azote,  and  the  oxygen  which  it  con- 
tains, added  to  that  in  the  carbonic  acid,  is  equal  (within  four  or 
five  per  cent.)  to  that  which  has  been  employed. 

Neglecting  the  small  differences  which  prevent  these  numbers 
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^m  having  simple  ratios  to  each  other,  and  which,  like  the  pre* 
sence  of  hydrogen,  depend  upon  the  presence  of  a  variable  portidn 
of  hydro- cyanic  vapour  in  the  cyanogen  employed,  proceeding  from 
the  water  left  in  the  cyanuret  of  mercury,  we  may  admit  that 
cyanogen  contains  a  sufficient  quantity  of  carbon  to  produce  twice 
its  volume  of  carbonic  acid  gas  -,  that  is  to  say,  two  volumes  of  the 
vapour  of  carbon  and  one  volume  of  azote,  condensed  into  a  single 
volume.  If  that  supposition  is  exact,  the  density  of  the,  radical 
derived  from  it  ought  to  be  equal  to  the  density  derived  from  expe* 
rieDce;  but  supposing  the  density  of  air  to  be  one,  twice  that  of  the 

vapour  of  carbon  is     .....; 0*8820 

That  of  azote 0-9691 

Total    1-8011 

The  density  of  cyanogen,  then,  calculated  from  the  preceding 
analysis,  would  be  1-8011;  and  as  I  found  by  experiment  1-8064, 
we  are  entitled  to  conclude,  from  the  agreement  of  these  numbers^ 
that  this  analysis  is  correct,  and  that  we  may  neglect  the  slight 
differences  observed,  the  true  cause  of  which  appears  known.* 

On  comparing  the  analysis  of  cyanogen  with  that  of  hydro-cyanic 
Kcid,  it  will  be  seen  that,  by  adding  a  volume  of  hydrogen  to  at 
Volame  of  cyanogen,  we  obtain  exactly  two  volumes  of  hydro-cyanic 
vapour.  Hence  it  follows  that  the  density  of  this  last  is  equal  to 
ialf  the  sum  of  that  of  cyanogen  and  of  hydrogen.  This  result  is 
analegous  to  that  which  chlorine  and  iodine  give  us ;  for  each  of 
tbem  combines  with  its  own  volume  of  hydrogen  to  produce  two 
volumes  of  muriatic  and  hydriodic  gases. 

It  is  now  easy  to  ascertain  that  the  action  of  potassium  on  cya- 
nogen agrees  with  its  action  on  hydro-cyanic  acid.  .We  have  seen 
that  it  absorbs  50  parts  of  the  first,  and  likewise  that  it  absorbs  100 

Sirts  of  the  second,  from  which  it  separates  50  parts  of  hydrogen, 
ut  100  parts  of*  hydro-cyanic  vapour  minus  50  parts  of  hydrogen 
amount  estactly  to  50  parts  of  cyanogen.  Hence  the  two  results 
agree  perfectly,  and  the  two  compounds  obtained  ought  to  be  iden- 
tic, which  agrees  perfectly  with  experimeat. 

The  analysis  of  cyanogen  appearing  to  me  of  the  greatest  im- 
portaqce,  I  have  attempted  it  likewise  by  other  methods.  Having 
put  cyanuret  of  mercury  into  the  bottom  of  a  glass  tube,  I  covered 

*  As  I  was  not  acquainted  with  the  influence  of  water  till  after  having  taken 
the  speciAc  gravity  of  cyanogen,  it  is  probable  that  this  gas  contained  a  small 
quantity  of  hydrp-cyanic  vapour,  which  ought  to  have  diminished  its  density  a 
little. 

Il  is  easy  to  explain  the  diminution  of  volume  which  we  observe  after  the  deto« 
nation  of  cyanogen  and  oxygen,  a^  well  as  the  deficit  of  carbonic  acid,  azote,  and 
oxygen,  by  the  presence  of  a  little  h3rdro-cyanic  vapour.  When  this  is  detonated 
with  oxygen,  a  diminution  takes  place  equal  to  |  of  the  vapour.  It  produces  but 
one-volume  of  carbonic  acid ;  while  cyanogen  produces  two.  It  gives  only  half  a 
volume  of  azote;  and  it  contains  hydrogen,  which  causes  i  of  the  oxygen  to  dis- 
appear. On  detonating  cyanogen,  I  have  not  observed  nitrous  acid  ;  but  the  for* 
mation  of  that  acid  does  not  depend  solely  en  the  presence  of  azote  in  the  combl* 
Mtion ;  it  depends  likewise  on  the  mode  in  wbi£h  it  exists  in  it. 
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it  with  brown  oxide  of  copper,  and  llien  raised  the  licattoaduli 
red.  On  heating  gradunlly  the  |jar[  of  the  tube  containing  ihf 
cyanuret,  the  cyanogen  was  slowly  disengaged,  and  passed  through 
the  oxide,  which  it  reduced  completely  to  the  metalUe  state.  On 
washing  the  gaseouB  products  with  potash,  at  different  parts  of  tbt 
process,  I  obtained  only  from  019  to  OSO  of  azote,  instead  «f 
0'3J,  which  ought  to  have  reiuaiiied,  according  to  my  analyiia. 
Presuming  that  some  nitrous  compound  had  been  formed,  1  r£> 
peated  the  experiment,  covering  the  oside  with  a  column  of  copper 
filings,  which  I  kept  at  the  same  temperature  as  (he  oside.  With 
this  new  arrangement  the  results  were  very  singular;  for  thesmoUcst 
quantity  of  azote  which  I  obtained  during  ibe  whole  course  of  the ' 
experiment  was  32*7  in  1 00  of  the  gas,  and  the  greatest  was  34*4> 
Tbe  mean  of  alt  the  trials  was — 

Azote 33-6 

Carbonic  acid 6G'-t 

a  result  which  shows  most  clearly  that  cyanogen  contains  tn» 
volumes  of  the  vapour  of  carbon  and  one  volume  of  azote. 

In  anoiljer  experiment,  instead  of  passing  the  cyanogen  through 
riie  oxide  of  copper,  1  made  a  mixture  of  one  part  of  cyanuret  of 
ntercury  and  10  of  the  oxide;  and  after  introducing  it  into  a  glaa 
tube,  close  at  one  end,  I  covered  it  with  copper  filings,  which  I 
begun  by  raising  to  a  red  heat.  On  beating  the  mixture  successively, 
tte  decomposition  went  on  with  the  greatest  facility,  The  propoo 
lions  of  the  gaseous  mixture  were  less  regular  than  in  the  precedil^ 
experiment.     Their  mean  was — 

Azote     '..  84*6  instead  of  3S*3 

Carbonic  acid    65-4 66*6 

In  another  experiment  I  obtained 

Azote 32-2 

Carbonic  acid , .  67'6 

Now  if  we  talte  the  mean  of  these  rrsults,  we  get 

Azote 33-4 

Carbonic  acid 66*6 

I  paid  attention  to  the  water  which  might  have  been  foroicj 
during  these  analyses  }  but  no  sensible  quantity  of  if  could  be  dis- 
covered. This  shows  still  further  that  what  has  been  called  prussiate 
of  mercury  is  a  cyanuret  of  that  metal.  It  appears  demonstrated 
by  these  experiments  that  in  this  last  compound  the  carljon  is  to  the 
azote  in  the  same  proportion  as  in  cyanogen.  Yet  if  this  be  the 
ease,  how  comes  a  charry  matter  to  remain  when  the  cyanuret  is 
decon[iposed  by  beat?  This  difficulty  embarrassed  me  for  some 
time.  But  I  conceive  that  I  have  at  last  succeeded  in  solving  it.  I 
have  observed  that  when  the  cyanuret  of  mercury  is  exposed  to  too 
high  a  temperature,  the  cyanogen  towards  the  end  of  the  process 
was  mixed  with  from  seven  to  eight  per  cent,  of  azote.  It  remained 
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J,  iherefore,  to  analyse  the  eharry  residue,  to  see  whether  it 
itained  azote,  and  iii  what  proportion.     Its  weight  for  a  quantity 
cyanuret,  which  lurnisbed  three  litres  (183'0B4  cubic  iDches),is 
■kAjui  0"25  gramme  (3'81  grains).     A  portion  of  this  matter,  cal- 
cined with  red  o\ide  of  mercury,  left  no  residue.     Another  portion 
*as  mixed  with  a  great  excess  of  oxide  of  copper,  and  heated  in  a 
glass  tube.  As  1  bad  not  put  copper  over  the  mixture,  the  gas  which 
was  disengaged  had  a  nitrous  smell,  and  became  sensibly  red  tvhea 
nixed  with  air,  though  the  proportion  of  nitrous  gas  did  not  esceel 
Sve  or  sis  per  cent.      100  parts  ul  the  gaseous  mixture,  washeji 
«ich  a  solution  of  potash,  left  a  residue  of  3i  parts,  which  still  re* 
tained  a  slight  uitrous  smell,  so  that  the  proportion  of  azuie  ougLf 
to  be  somewhat  leu.    But  if  to  this  quantity  of  azote  were  added 
ibai  which  b  disengaged  at  the  end  ut  the  distillation  of  the  cyanuret 
of  mercury,  its  proportion  to  that  of  the  quantiiy  of  carbonic  acid 
i  would  approacii  very  closely  to  that  of  one  to  two,  ivliioh  the  otliec 
/    analyses  have  given.     I  regret,  however,    that  I  hare  not  de^fr 
f     jniiied  more  exactly  the  proportion  of  these  diRereni  products. 
Now  that  we  know  the  nature  of  cyanogen,  let  us  examine 
it  15  affected  by  the  alkaline  bases. 

When  a  pure  solution  of  potash  is  introduced  into  this  gas,  the 
abeorptioD  is  rapid.  If  the  alkali  be  not  too  concentrated,  ainl  be 
not  quite  saturated,  it  is  scarcely  tinged  of  a  lemon-yellow  colour. 
But  if  the  cynnogen  be  in  excess,  we  obtain  a  brown  solution,  as  it 
were,  carbonaceous.  On  pouring  potash  combined  with  cyanogen 
into  a  solution  of  black  oxide  of  iron,  and  adding  an  acid,  we  obtain 
Prussian  blue.  It  would  appear  from  this  phenomenon  that  the 
cyanogen  is  decomposed  the  instant  it  combines  with  potash;  hut 
this  conclusion  would  be  premature.  I  shall  show  that  when  ihit 
body  is  decomposed  by  means  of  an  alkaline  solution,  carbonic  acid 
is  always  produced,  together  with  hydro-cyanic  ncid  and  ammonia. 
But  on  pouring  barytes  into  s  solution  of  cyanogen  in  potash,  no 
precipitate  takee  place,  which  shows  that  no  carbonic  acid  is  present. 
On  adding  an  excess  of  quick-lime,  no  trace  of  ammonia  is  per- 
ceptible. Since,  then,  no  carbonic  acid  and  ammonia  have  been 
formed,  water  has  not  been  decomposed,  and  consequently  no 
hydro-cyanic  acid  evolved.  How,  then,  comes  the  solution  of 
cyanogen  in  potash  to  produce  Prussian  blue,  with  a  solution  of  iroa 
and  an  acid  ?     The  following  is  the  solution  of  this  difEculty. 

The  instant  an  acid  is  poured  into  the  solution  of  cyanogen  lo 
potash,  a  strong  effervescence  of  carbonic  acid  is  produced,  and  at 
the  tame  time  a  strong  smell  of  hydro-cyanic  acid  becomeE  per- 
wptible.  Ammonia  is  likewise  formed,  which  remains  combined 
mth  the  acid  employed,  and  which  may  be  rendered  very  sensible 
lo  (Iw  smell  by  the  addition  of  quick- lime.  Since,  therefore,  we  are 
libUged  to  add  an  acid  in  order  to  form  Prussian  blue,  its  formatioa 
occasions  no  further  difiiculty. 
Sodi^  barytes,  and  BtKonlian,  produce  the  same  e&cX  as  ^fAaak. 
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We  must,  therefore,  admit  that  cyanogen  forms  particular 
nations  with  the  alkalies,  which  are  iiermanent  till  some  ci 
stance  determines  the  formation  of  new  products.  These  eoml 
tions  are  true  salts,  which  1  consider  as  analogous  to  those  forme 
by  acids.  In  fact,  cyanogen  possesses  acid  characters.  It  conlud 
two  elements,  azote  and  carbon,  the  first  of  which  is  strongly  acidi- 
fying. It  reddens  the  tincture  of  litmus,  and  neutralizes  the  bases; 
On  the  other  hand,  it  acts  as  a  simple  body  when  it  combines  with 
hydrogen  ;  and  it  is  this  double  function  of  a  simple  and  compound 
body  which  renders  its  nomenclature  so  embarrassing. 

Be  that  as  it  may,  the  compounds  of  cyanogen  and  the  alkalie^ 
which  1  shall  distinguish  by  the  generic  name  of  cyanurels,  do  not 
separate  in  water,  like  the  alkaline  chlorides,  which  produce  chlo- 
rates and  muriates.  But  when  an  acid  is  added,  there  is  formed^ 
I.  Carbonic  acid,  which  corresponds  to  the  chloric  acid,  2.  Am- 
monia and  hjdro-cyanic  acid,  which  correspond  to  the  muriatic 
acid. 

As  wc  may  obtain  colourless  cyanurets,  it  was  necessary  to  exa- 
mine in  what  proportions  the  carbonic  acid,  aramoniii,  and  hydro- 
cyanic acid,  are  formed,  when  the  cyanureis  are  decomposed  by  aa 
acid.  But  the  absorption  of  the  carlwnic  acid  by  the  mixture  of 
acid  and  potash  which  we  are  obliged  to  employ,  rendering  this 
■  inquiry  somewhat  uncertain,  I  got  over  the  difficuhy  in  the  follow- 
ing manner  : — I  procured  two  small  glass  measures,  one  for  the 
idkali,  and  the  other  for  the  acid ;  so  that,  when  the  measures  of 
acid  and  alkali  were  mixed,  the  whole  of  the  acid  was  not  neutral- 
ized. After  this  disposition,  1  put  into  a  graduated  tube  149  parts 
of  carbonic  acid,  which  I  absorbed  by  a  measure  of  potash.  Then 
I  introduced  into  the  tube  one  measure  of  muriatic  acid.  Only  HO 
parts  of  the  gas  were  disengaged ;  consequemly  nine  parts  remained 
dissolved  in  the  acid  muriate  of  potash. 

I  then  took  147  par'*'  of  cyanogen.  I  absorbed  them  by  oat 
measure  of  potash,  and  then  added  one  measure  of  muriatic  acid, 
I  obtained  1-41  parts  of  carbonic  acid  gas.  But  as  I  knew  that  it 
contained  a  little  hydro-cyanic  vapour,  I  placed  it  in  contact  with 
the  red  oxide  of  mercury.  The  141  pans  were  reduced  to  137- 
This  number  differs  so  little  from  138,  which  I  ought  to  have  ob- 
tained according  to  the  first  experiment,  that  we  may  admit,  with- 
out hesitation,  that  when  the  eyanuret  of  potash  is  decomposed  by 
an  acid,  there  is  produced  a  volume  of  carbonic  acid  gas  just  equal 
to  that  of  the  cyanogen  employed.  It  remains,  then,  for  us  to 
ascertain  what  becomes  of  the  other  volume  of  tlie  vapour  of 
carbon  ;  for  the  cyanogen  contains  two,  and  likewise  one  volume  of 
azote. 

Since  there  is  produced  at  the  expense  of  the  oxygen  of  the 
water  a  volume  of  carbonic  acid,  which  represents  one  volume  of 
oxygen,  two  volumes  of  hydrogen  must  likewise  have  been  pro- 
duced.'   Therefore^  neglecting  the  carboniv  acid)  there  remiuns 
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1  volume  vapour  of  carbon, 

1  volume  of  azote, 

2  volumes  of  hydrogen. 

•nd  we  must  make  these  three  elements  combine  in  totality,  so  as 

to  produce  only  hydro-cyanic  acid  and  ammonia. 

^But  the  yolun^e  of  vapour  of  carbon  with  half  a  volume  of  azote 

and  half  a  volume  of  hydrogen  produces  exactly  one  volume  of 

hydro-cyanic  acid,  while  the  volume  and  a  half  of  hydrogen,  and 

&  half  volume  of  azote  remaining,  produce  one  volume  of  ammo- 

niacal  gas  ;  for  it  will  be  recollected  that  this  substance  is  formed  of 

three  volumes  of  hydrogen  and  one  of  azote  condensed  into  two 

nduraes. 

A  given  volume  of  cyanogen,  then,  combined  first  with  aa 
dkali,  and  then  treated  with  an  acid,  produces  exactly 

1  volume  of  carbonic  acid  gas, 
1  volume  of  hydro-cyanic  vapour, 
1  volume  of  ammoniacal  gas. 

It  is  very  remarkable  to  see  an  experiment,  apparently  very  com- 
plicated, give  so  simple  a  result. 

The  metallic  oxides  do  not  appear  capable  of  producing  the  same 
changes  on  cyanogen  as  the  alkalies.  Having  precipitated  proto- 
sulphate  of  iron,  by  an  alkali,  so  that  no  free  alkali  remained,  I 
caused  the  oxide  of  iron  (mixed  necessarilv  with  much  water)  to 
absorb  cyanogen,  and  then  added  muriatic  acid.  But  I  did  not 
obtain  the  slighest  trace  of  Prussian  blue  ;  though  the  same  oxide^ 
to  which  I  had  added  a  little  potash  before  adding  the  acid,  pro- 
duced it  is  abundance. 

I  should  from  this  result  be  induced  to  believe  that  oxide  of  iron 
does  not  combine  with  cyanogen ;  and  so  much  the  more,  because 
water  impregnated  with  this  gas  never  produces  Prussian  blue  with 
solutions  of  iron,  unless  we  begin  by  adding  an  alkali.  The  per- 
oxide of  manganese,  that  of  mercury,  and  the  deutoxide  of  lead, 
absorb  cyanogen,  but  very  slowly.  If  we  add  water,  the  combina- 
tion is  much  more  rapid.  With  the  peroxide  of  mercury,  we  obtain 
a  greyish-white  compound,  somewhat  soluble  in  water.  I  have  not 
sufficiently  examined  what  takes  place  in  these  different  circum- 
stances. 

Cyanogen  rapidly  decomposes  the  carbonates  at  a  dull  red  beat, 
and  cyanurets  of  the  oxides  are  formed.  When  passed  through 
sulnhuret  of  barytes,  it  combines  without  disengaging  the  sulphur, 
tod  renders  it  very  fusible,  and  of  a  brownish-black  colour.  When 
put  into  water,  we  obtain  a  colourless  solution,  but  which  gives  a 
deep  brown  maroon  colour  to  muriate  of  iron.  What  does  not  dis- 
Bolve  contains  a  good  deal  of  sulphate,  which  is  doubtless  formed 
during  the  preparation  of  the  sulphuret  of  barytes. 

On  dissolving  cyanogen  in  the  sulphureted  hydro-sulphuret  of 
barytes,  sulphur  is  precipitated,  which  is  again  dissolved  when  the 
liquid  is  saturated  with  cyanogen^  and  we  obtain  a  solution  baviog^ 
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very  deep  brown-maroon  coloor.  This  gaa  does  not  decomj 

phuret  of  silver  nor  of  potash. 

Cyanogen  and  sulphureicd  hydrogen  gas  combine  slowly 
each  otlier.  A  yellow  substance  is  obtained  in  fine  needles,  * 
dissolves  in  water,  does  tiot  precipitate  nitrate  of  lead,  produces  no 
Frassian  blue,  and  is  composed  of  one  volume  of  cyanogen  and  1| 
vdutne  of  sulphureted  hydrogen.  * 

Animoniacal  gus  and  cyanogen  begin  toa<:t  on  eacb  other  when* 
ever  they  come  in  contact ;  but  sojne  hours  are  requisite  to  render 
Ihe  eSect  complete.  We  perceive  at  first  a  white  thick  vapotv^ 
whieli  soon  disappears.  The  diminution  of  volume  is  conaiderabt^ 
and  the  glass  in  which  the  mixture  is  made  becomes  opake,  its  iiMtde 
being  covered  with  a  solid  brown  matter.  On  minting  nO  pnti 
i^anogen.and  •l2^  ammonia,  they  combined  nearly  in  the  propoN 
lion  of  1  to  I  ^. 

This  compound  gives  a  dark  orange-brown  colour  to  wafer,  but 
dissolves  only  in  a  very  small  proportion.  The  liquid  produces  do 
Prussian  blue  with  the  salts  of  iron.  1  have  not  subjected  it  to  other 
trials. 

In  describing  Ihe  properties  of  hydro-cyanic  acid,  I  liave  iMt 
spoken  of  the  way  in  whith  the  galvanic  battery  acts  on  it,  because 
I  could  not  then  have  explained  the  products  obtainiid.  On  subject' 
ing  this  acid  to  the  action  of  a  battery  of  20  pair  of  plates,  much 
hydrogen  gas  is  disengaged  at  the  negative  pole,  while  nothinf 
appears  at  the  positive  pole.  The  reason  is,  that  cyanogen  )t 
evolved  at  that  pole  which  remains  dissolved  in  the  acid.  Wc  may 
in  this  manner  attempt  the  combination  of  metals  with  eyunugen^ 
placing  them  at  the  positive  pole. 

It  is  easy  now  to  determine  what  is  formed  when  an  animal 
matter  is  calcined  with  potash  or  its  carbonate.  A  cyanuret  of  pot- 
ash is  formed,  as  I  shall  now  show. 

I  have  proved  that  by  heat  potash  separates  the  hydrogen  of  the    ( 
Iiydro-cyanic  acid.     We  cannot,  then,  suppose  that  this  acid  is    , 
formed  while  a  mixture  of  potash  and  animal  matters  is  exposed  to 
a  high  temperature.     I  say,  further,  that  we  Obtain  a  cyanuret  of   | 
potash,  and  not  of  potassium ;  for  ihi»  last,  when  dissolved  in  water, 
gives  only  hydro-cyanaie  of  potash,  which  is  decomposed  by  the 
acids  without  producing  ammonia  and  carbonic  acid ;  while  ths 
cyanuiet  of  potash  dissolves  in  water,  without  being  altered,  and 
does  not  give  ammonia,  carbonic  acid,  and  hydro-cyantc  vapour, 
unless  an  acid  be  added.     This  is  the  character  which  distingutshea 

•  Thia  is  obviouiTy  Ibe  galphori^lcil  ch^azic  acid  of  Mr.  Porretc,  of  which  ll 
gttiatna  all  Ihr  properties.     According  ta  the  prccHliilg  sialement,  it  woold  htM    \ 
oompaand  of  nearly  : 

Hydrogen I  atain 

Sulphur 1 

CarhuB 3 
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riMetalUne  cyanarel  from  lha(  of  an  oxide.  M,  Berthollot  rennirk?, 
llowver,  in  his  Sfatique  Chimique,  vol.  ii.  p.  2CS,  that  when,  iiftef 
I  BiciDiiig  potash  with  aD  nnima)  substaocc,  it  is  thrown  into  wsttrr, 
IttBDoniacal  odours  are  instuntly  e^thated.  Several  other  cheoiisfs 
I  t«of  the  same  opinion  j  and  as  it  is  contrary  to  the  results  which 
t  hare  obtained,  it  is  of  considerable  ituportauce  lo  know  ilie  cause 
'  of  iHs  difference. 

I  calcined  potash  with  animal  matter  io  a  well  luted  crucible,  and 
dbwed  the  product  to  cool,  I  then  dissolved  a  portion  of  it  in 
inter,  and  could  not  perceive  lite  smallest  trace  of  ammonia  oh 
putting  an  excess  of  lime  into  the  solution,  which  likewise  fur- 
oisbed  abundance  of  Prussian  blue.  1  heated  the  other  portion  to 
*  degree  in  below  that  of  redness ;  and  on  throwing  a  little  of  it 
into  water,  instantly  copiom  vapours  of  carbonate  of  ammonia  were 
exhaled.  Hence  it  is  obvious  that  the  ammonia  is  produced  in 
Berihollet's  eiiperiment  by  being  put  into  water  at  a  high  tempcni- 
luie  ;  hut  at  the  common  temperature  not  the  smallest  i^uantiiy  ts 
produced.  The  presence  of  an  acid  is  absolutely  necessary,  as  I 
have  already  said,  and  as  1  again  satisfied  myself  of,  with  potash 
calcined  with  animal  substances.  * 

Thus  there  is  formed  in  reality,  when  alkali  and  animal  ntatien 
an  calcined  together,  a  cyanuret,  as  Berthollcl  and  Cumudan  bad 
aflbmed.  But  their  opinion  was  founded  on  two  inaccurate  bets; 
namely,  the  destruction  of  prussiate  of  potash  at  a  high  tempera- 
tare,  and  the  formation  of  ammoniii  when  the  cyanuret  is  diaiolved 
!□  water. 

III.  0/  Ihe  Substance  formed  when  Htfdro-Cyank  Acid  is  treated 
witli  Chlorine. 

M.  Bertbollet  has  discovered  that  when  hydro-eyanlc  acid  u 
mixed  wltb  chlorine,  it  acquires  new  properties.  Its  odour  is  much 
increased.  It  no  longer  forms  Prussian  blue  with  solutions  of  iron, 
but  a  green  precipitate,  which  becomes  blue  by  the  addition  of  sul- 
phurous acid.  Hydro-cyanic  acid  thus  altered  had  received  the 
name  of  oTvpTUSiic  acid,  because  it  was  sujiposed  to  have  acquired 
oxygen.  The  preceding  experiment  having  induced  uie  lo  examine 
its  nature,  I  discovered  that  it  is  a  compound  of  equal  volumes  of 
chlorine  and  cyanogen. 

To  prepare  this  compound,  which  I  propose  to  distinguish  by  the 
naine  of  chlora-iyanic  add,  I  passed  a  current  of  chlorine  into  a 
Mlution  of  hydro-cyanic  acid,  till  it  destroyed  the  colour  of  indigo 
^asolred  in  sulphuric  acid,  and  I  deprived  it  of  its  excess  of  chlo- 
rine by  agitating  it  with  mercury.  By  distilling  it  afterwards  at  a 
moderate  heat,  an  elastic  fluid  is  disengaged,  which  possesses  the 
properties  ascribed  to  oxyptussic  acid.     However,  it  is  not  pure 

*  Ii  itnol  pcmible  Ibat  nhen  the  fjanunl  af  polmhh  decomposed  by  an  acift, 
the  heat  diieDtagpd  by  Ihc  cmablDBIIon  ii  Ibe  principal  CBQIC  of  tbc  matMaV  ltcw&- 
IMIioa  W  fke  cyaoofCD  and  nXvr/  ». 
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chloro-cyanic  acid ;  for  this  last  is  not  a  permanent  gas,  and 
exist  alone  under  the  pressure  of  the  atmosphere  at  ihe  tem| 
of  60°  or  tib°.  It  is  a  mixture  of  earbonic  iicid  and  chlurc 
acid  in  variable  proportions,  which  it  is  very  difficult  to  del 
exactly.     I  determined  the  point  in  the  following  mutmer; 

When  hydro-cyanic  acid  is  supersaturated  with  chlorine, 
excess  of  this  last  is  removed  by  mercury,  the  liquid  cnntuins 
cyanic  acid  and  muriatic  acid.  On  saturating  it  with  barj 
precipitate  falls ;  and  on  adding  an  excess  of  (juick-Iime,  no|| 
of  ammonia  is  perceptible.  But  if  this  last  trial  be  made  aj' 
distillation,  abundance  of  alkali  is  obtained,  and  ihc  elast 
obtained  produces  a  precipitate  in  the  solution  of  barytes. 

Convinced  by  these  enperiments  that  heat  decomposes 
cyanic  acid,  I  endeavoured  to  separate  it  from  its  solution  by  ai 
method.  Having  put  mercury  into  a  glass  jar  till  it  was  |-ths 
filled  it  completely  with  a  concentrated  solution  of  chlor»-i 
acid  and  muriatic  acid,  and  reversed  it  iu  a  vessel  of  mercurjr, 
exhausting  the  receiver  df  an  air-pump  containing  this  vessi' 
mercury  sunli  in  the  jar,  in  consequence  of  the  elastic  duid 
gaged.  By  degrees  the  liquid  itself  was  entirely  expelled,  andi 
on  the  mercury  on  the  outside.  On  admitting  the  air,  the  1 
could  not  enter  the  tuhe,  but  only  the  mercury,  and  the  whole, 
elastic  fluid  condensed,  except  a  small  buhble.  Hence  I  concluded 
that  cliloro- cyanic  acid  is  not  a  permanent  gas,  and  that,  in  order 
to  remain  gaseous  under  the  pressure  of  the  air,  it  must  be  mixed 
with  another  gaseous  substance.  In  my  experiments  it  was  mixed 
with  carbonic  acid  gas.  It  would  have  been  more  advantageous  ff, 
instead  of  this  gas,  an  insoluble  gas  had  been  present;  but  after 
finishing  my  analysis  of  ibe  mixture  of  chloro-cyanic  acid  and  car- 
bonic acid,  1  did  not  think  that  I  should  add  to  its  accuracy  by  re- 
peating it  with  another  mixture.  The  properties  of  chloro-cyaoic 
acid  are  as  follows : — 

It  is  colourless.  lis  smell  is  very  strong.  A  very  small  quantity 
of  it  irritates  the  pituitory  membrane,  and  occasions  tears.  It 
reddens  litmus,  is  not  inflammable,  and  does  not  detonate  whea 
mixed  with  twice  its  bulk  of  oxygen  or  hydrogen.  Its  density,  de- 
termined by  calculation,  i5  2'lll.  Its  aqueous  solution  does  not 
precipitate  nitrate  of  silver,  nor  barytes  water.  The  alkalies  absorb 
it  rapidly,  but  an  excess  of  them  is  necessary  to  destroy  its  odour;- 
If  we  then  add  an  acid,  a  strong  effervescence  of  carbonic  acid  is 
produced,  and  the  odour  of  ehloro-cyanie  acid  is  no  longer  per- 
ceived. If  we  add  an  excess  of  lime  to  the  acid  solution,  ammonia- 
is  disengaged  in  abundance.  This  decomposition  of  chloro-cyanic 
acid  into  carbonic  acid,  and  ammonia  was  observed  by  Berthollet  ;■■ 
but,  according  to  him,  it  takes  place  the  instant  it  is  mixed  with  txi 
alkali,  while  I  cannot  perceive  the  presence  of  carbonic  acid  an^' 
ammonia  till  an  acid  has  been  added.  We  may  easily  satisfy  our-  ' 
selves  that  the  aqueous  solution  of  chloro-cyanic  acid  is  not  preiii- 
pitated  by  barytes  before  distillation,  and  that  lime  does  not  di^ 
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toffim  ammonia.  We  may  likewise  ascertain  that  its  solution  in 
pocasb  does  not  exhale  ammonia.  But  as  the  formation  of  that 
-alkali  and  of  the  carbonic  acid  are  necessarily  simultaneous,  it  must 
Mlow  that  no  carbonic  acid  is  formed  when  the  alkali  is  added  to 
the  chloro-cyanic  acid.  However,  if  the  elements  of  this  acid  do 
not  separate  at  the  instant  that  the  alkali  is  added,  they  experience 
nich  a  modification  that  we  can  no  longer  obtain  a  green  precipitate 
■with  solution  of  black  oxide  of  iron.  I  have  satisfied  myself  by 
repeated  experiments  that,  in  order  to  obtain  the  green  precipitate, 
ve  must  begin  by  mixing  chloro-cyanic  acid  with  the  solution  of 
iron.  We  then  add  a  little  potash,  and  at  last  a  little  acid.  If  we 
add  the  alkali  before  the  h-on,  we  obtain  no  green  precipitate. 

I  have  already  said  that  we  obtain  no  precipitate  when  we  pour 
nitrate  of  silver  into  the  aqueous  solution  of  chloro-cyanic  acid.  If 
we  try  the  same  experiment^  after  having  added  potash  to  this  last, 
and  then  nitric  acid,  chloride  of  silver  immediately  preci|)itates  in 
considerable  quantity.  Hence  chloro-cyanic  acid  evidently  contains 
dilorine ;  and  since  from  the  experiments  of  BerthoUet  it  contains 
likewise  azote  and  carbon,  we  ought  to  admit  these  three  bodies 
among  its  elements.  But  in  what  proportion  are  they  combined, 
and  does  it  contain  no  others  ? 

Its  analysis  by  oxygen  did  not  give  me  such  satisfactory  results  as 
I  could  have  wijshed.  Its  combustion  with  oxygen  takes  place  only 
when  a  little  hydrogen  is  added.  It  is  very  lively ;  the  flame  is 
hluish-white,  afid  accompanied  by  a  white  vapour,  exceedingly 
dense,  the  odour  of  which  has  something  nitrous,  while  its  taste  is 
tnercorial.  The  mercury  adheres  to  the  sides  of  the  eudiometer,  as 
when  it  is  agitated  with  chlorine.  From  several  experiments,  I 
found, 

1.  That  any  quantity  of  chloro-cyanic  acid  mixed  with  carbonic 
acid  produces  by  its  combustion  an  equal  bulk  of  this  last  gas.  Hence 
we  must  conclude  that  pure  chloro-cyanic  acid  produces  its  own 
hulk  of  carbonic  acid : 

2.  That  the  oxygen  employed  is  found  within  two  or  three  per 
cents,  in  the  carbonic  acid  and  water  formed ;  which  shows  that 
chloro-cjranic  acid  contains  no  hydrogen : 

S.  That  the  volume  of  azote  obtained  is  nearly  equal  to  half  the 
vohmie  of  the  chloro-cyanic  acid  employed.  The  difference  is  suffi- 
ciently small  to  enable  us  to  conclude  that  this  body  contains 

1  volume  of  vapour  of  carbon, 
•^  volume  of  azote. 

As  we  know  that  chloro-cyanic  acid  contains,  likewise,  chlorine, 
kt  us  endeavour  to  determine  its  proportion.  It  is  not  easy  to  de- 
termine this  question  directly.  But  1  have  succeeded  by  a  particular 
consideration. 

When  ebloro-cyanic  acid  is  treated  by  potash,  and  then  by  mu- 
uatic  acid«  we  obtain  a  volume  of  carbonic  acid  equal  to  that  of  tl 
<Uoro-cyanic  acid  en£iployed«     This  result  is  obviously  independ 
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of  the  quanlily  of  carbonic  acid  previously  mixed  with  the  chli 
cyanic  acid;  and  aa  the  analysis  by  the  eudiometer  has  shown 
that  thb  last  produces,  when  burnt,  an  equal  volume  of  carbu 
acid  gas,  it  follows  that  no  hydro-cyanic  acid  is  produced  wL 
chloro-cyanic  acid  is  decomposed  by  the  successive  action  of  ^ 
aliiali  and  an  acid.  This  is  cotiRinied  by  eifperieoce,  aud  Bertholkipl 
ascertained  it  long  ago.  Finally,  the  chlorlue,  when  it  separatei 
txow  the  azote  aud  the  carbon,  produces,  when  it  unites  wiih  tht 
alkali,  either  a  uiuriaie  or  a  eliloride ;  it  is  indifierent  which;  b«t 
I  shall  suppose  here  a  muriate.  If,  then,  we  obtain  only  caibci 
acid,  ammonia,  and  muriatic  acid,  I  say  that  chloro-cyanic  i 
contains  half  its  volume  of  chlorine.  Since  on  decomposiog  , 
water  by  the  successive  action  of  an  alkali  and  an  acid,  a  voluine 
carbonic  acid  is  produced,  two  volumes  of  hydrogen  must  be  dit' 
engaged.  We  have  seen  that  it  contains  ^  a,  volume  of  azote,  whiclr, 
when  changed  into  ammonia,  takes  ^  volumes,  of  hydrogen.  Half 
a  volume  of  hydrogen  remains,  which,  in  order  to  be  changed  intO' 
rauriatic  acid,  requires  half  a  vohime  of  chlorine.  Chloro-cyaiut 
acid,  then,  is  composed  of 

1  volume  of  the  vapour  of  carbon, 

■J.  volume  of  a/ote, 

-1^  volume  ot  chlorine; 

and  when  decomposed  by  the  successive  action  of  an  alkali,  and  at 
acid,  it  produces. 

1  volume  of  muriatic  acid  gas, 
1  volume  of  carbonic  acid, 
1  volume  of  ammonia. 

It  remains  to  determine  the  condensations  which  these  three 
elements  undergo  when  they  combine ;  and  I  shaJI  now  show,  bf 
another  mode  of  analysis,  that  it  is  the  half  of  the  sum  of  their 
volumes. 

When  chloro-cyanic  acid  is  heated  with  antimony  in  a  small  glas? 
vessel,  by  means  of  a  spirit  lamp,  the  bulk  of  the  gas  gradually 
diminishes.     At  the  same  time  vapours  of  chloride  of  antimony  axa 
produced,  which  crystallize  as  they  condense.     When  the  action  u 
terminated,  the  gas  is  still,  as  it  was  before,  entirely  absorbable,  twf 
alkalies.     Its  odour  and  properties  are  those  of  cyanogea.     1m 
chloro-cyanic  acid  which  1  employed  diminished  0'344  by  the  action 
of  the  antimony.   It  contained  carbonic  acid,  as  I  have  already  saidj 
ao  that  its  diminution  would  have  been  more  considerable  if  it  had 
been  pure,  and  would  doubtless  have  amounted  to  half  its  volume. 
If  we  admit  this  supposition,  it  is  easy  to  determine  the  quantity  of  i 
chloro-cyanic  acid  mixed  with  the  carbonic  acid.     It  would  be  ob-  1 
viously  double  the  diminution  observed;  that  is  to  say,  0*688 ;  &bA  ■ 
that  of  the  carlxmic  acid,  0-ai2,     But  if  we  calculate  from  this  J 
result,  the  quantity  of  chloro-cyanic  acid  from  its  analysis  by  meaqs  1 
of  osygen,  and  that  of  the  cyanogen  in  the  analysis  of  the  residue- 
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left  by  treating  chloro-cyanic  acid  with  antifnony,  we  find  a  qaaii- 
"  ll^  of  azote  equal  to  that  which  experiment  gives.    Therefore  the 
aniOHtion  that  this  acid  is  reduced  to  half  its  bulk  when  deprived 
lif  Its  cfatorine  is  well  founded.    Let  us  admit,  theo^  that  it  is  com^ 

1  volume  of  vapour  of  carbon^ 
I  ^  volume  of  azote, 

^  volume  of  chl(»rine ; 

pi  ttttt  the  condensation  which  these  three  elements  undergo  is 
fcilf  their  total  volume;  or  otherwise^  that  a  volume  of  chlorine 
tod  a  volume  of  cyanogen,  when  they  unite,  produce  two  volumes 
of  chloro-cyanic  acid.  This  is  the  same  result  as  for  hydro-cyanic 
add,  which  is  produced  likewise  by  the  combination  of  equal  vo« 
lumea  of  hydrogen  and  cyanogen  without  any  condensation ;  so  that 
(he  chlorine  in  the  chloro-cyanic  acid  comes  in  place  of  the 
hydrcgen  in  the  hydro-cyanic.  It  is  remarkable  that  two  bodied 
with  such  different  properties  play  the  same  part  in  their  unbn  with 
cyanogen. 

Since  one  volume  of  chlorine  and  one  volume  of  cyanogen  pro* 
duce  two  volumes  of  chloro-cyanic  acid,  the  density  of  this  last 
OQght  to  be  the  mean  of  the  sum  of  the  densities  of  its  two  consti-^ 
tuents:-^ 

Density  of  chlorine 2*421 

Density  of  cyanogen     1*801 

Half  the  sum  of  which  isr  2*111,  as  I  have  already  stated. 

Chloro-cyanic  acid  exhibits  with  potassium  almost  the  same  phe* 
oomeoa  as  cyanogen.  The  inflammation  is  equally  slow,  ana  the 
gas  diminishes  as  much  in  volume".  If  we  employ  a  quantity  of 
potassium  which  would  disengage  50  parts  of  hydrogen  from  water, 
the  diminution  of  volume  is  about  50  parts,  and  the  gaseous  re- 
sidue, washed  with  potash,  gives  from  10  to  12  parts  of  carbonic 
oside.  The  solid  matter  has  a  dirty  yellow  colour;  when  dissolved 
in  water,  it  forms  an  alkaline  solution,  which  precipitates  nitrate  of 
silver  after  having  been  neutralized  by  nitric  acid,  and  which  gives 
Prussian  blue  with  solutions  of  iron.  The  presence  of  carbonic  acid 
ID  the  chloro-cyanic  acid  rendering  these  results  somewhat  uncer« 
tain,  I  did  not  proceed  further  with  this  experiment. 

I  have  not  made  other  experiments  with  chloro-cyanic  acid}  I 
have,  however,  attempted  to  procure  it  by  other  methods ;  but  those 
above  described  still  appear  to  me  the  best* 

When  hydro-cyanic  acid  containing  but  little  water  is  put  into 
dibrioe,  there  is  instantly  produced  a  great  quantity  of  muriatic 
aoid  gas^ ,  and  of  chloro-cyanic  acid,  which  is  partly  deposited  on 
tht  ndes  of  the  vessel  in  the  form  of  small  oily  drops.  If  we  mak# 
a  mixture  of  hydro-cyanic  vapour  and  air,  and  add  chlorine  to  it,  no 
taheii  pkcff  ia  tb^.'darl^  provided  the-gasov  do  not  oi 
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nloisture;  but  when  exposed  to  sun -shine,  there  is^  quickly 
duced,  without  detonation,  a  thick  vapour,  which  condenses 

in  part  upon  the  sides  of  the  vessel,  as  in  the  preceding  experii 

When  the  gaseous  mixture  is  agitated  with  mercury,  the  oily  dn^ili 
disappear,  and  the  gaseous  residue,  containing  evidently  chbioifc 
cyanic  acid,  preserves  an  evident  odour  of  chlorine,  though  it  does 
not  destroy  the  colour  of  litmus. 

I  likewise  kept  in  the  shade  for  some  days  chlorine,  with  weff 
dried  cyanuret  of  mercury  5  but  no  action  between  them  became 
visible.    In  the  light  of  the  sun,  on  the  contrary,  the  colour  of  tU 
chlorine  disappeared  completely  in  12  hours,  and  the  cyanuret  ol 
mercury  adhered  to  the  sides  of  the  vessel,  as  if  it  had  been  m(At 
On  opening  the  vessel  over  mercury,  that  metal  filled  about  half  iti 
capacity/  and  the  remaining  gas,  which  was  a  mixture  of  air  and 
chloro-cyanic  acid,  had,  however^    a  decided  smell  df  chloriu^  * 
though  it  did  not  discolour  litmus.   Having  filled  the  vessel  entiidi|^i 
with  mercury,  1  introduced  a  determinate  volume  of  air^  and  A 
measuring  it  anew,  t  found  that  it  had  increased  nine  per  cent.  IMt 
though  these  different  experiments  prove  that  chloib-cyanicf  acid  il. 
Dot  a  permanently  elastic  fluid,  they  do  not  give  us  any  convenient 
itnode  of  obtaining  it.    I  likewise  tried  to  obtain  the  acid  by  mixinc 
together  equal  volumes  of  chlorine  and  cyanogen.    As,  after  several 
days  exposure  to  a  weak  light,  no  change  took  place  in  it,  I  exposdl 
it  to  sun-shine.    A  white  vapour  appeared,  and  I  perceived  a  greift 
number  of  oily  drops.    Yet  after  agitating  the  gases  with  mercniy, 
nothing  remained  but  cyanogen.   Is  it  not  probable  that  in  this  emit 
a  peculiar  substance  is  produced,  which  is  destroyed  by  agitAtiog  Ik 
with  mercury  ? 

{To  6e  continutd.) 


Article  VIII. 

Astronomical  Ol/servatums,    By  Col.  Beaufoy. 

Lat.  51^  37'  42^"  N.    Long.  W.  from  Greenwich  in  thnc  l^  20^.^. 
June  9. — Moon  eclipsed  at  Bushey. 

Calculated*  Tim^  OhMnred  TiMe. 

Beginning  of  the  eclipse H^  29'  2%'^ 11»^  30'  30^ 

Beginning  of  total  darkness . .  12  40  19   12  49  22* 

Middle 13  14  02......—  —  — 

Ecliptic  ^f    ....13  17  44 —  —  — 

End  of  total  darkness 13  4?  45   ......  13  43  50 

End  of  the  eclipse   14  58  3^ 14  58  44 

The  calculations  and  observations  are  made  according  to  apparent 
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■nd  the  calculated  duration  of  the  total  darkness  exceeds  that 
ed  from  observation  by  12^  68^^* 
Moji  17* — Emersion  of  Jupiter's  second  satellite,  12^  38'  53^ 
"-""  time  5  or  12**  4(/  W^  mean  time  at  Greenwich. 


u 


Article  IX. 


^4inH0i/    of    Bruce* s    Portable   Boat.     Communicated   lo   Dr* 
^^  InomsoD  by  Robert  Stevenson,  Civil  Engineer. 

(With  a  Pkte.) 

Apnl^  1816. 

Whbn  I  had  the  pleasure  of  seeing  you  in  London  last  summer 
I  flneDtioQed  some  exoeriments  which  I  was  then  engaged  in  making 
spoB  the  waters  of  tne  Thamp,  suggested  by  former  experiments 
miich  I  had  made  unon  the  River  Dee,  at  Aberdeen,  in  the  month 
of  May,  1812^  and  I  intended  before  now  to  have  communicated 
aome  iofbraiation  to  you  upon  that  subject.  A  desire,  however,  to 
extend  those  observations  to  several  of  our  principal  rivers  has 
bitherto  prevented  me  from  writing  to  you ;  but  in  the  mean  time  I 
veotore  to  send  you  an  account  of  a  most  useful  improvement  upon 
iioats  and  boat  sailing,  which  has  within  these  few  years  been  intro- 
duced upon  the  coast  by  James  Bruce,  Es^.  of  the  Naval  Yard^ 
Leith  ;  and  is  found  to  be  of  great  utility  in  the  Frith  of  Forth^ 
particulaily  on  the  Ferry  of  Kin^orn. 

The  boat  to  which  I  allude  may  be  built  of  any  convenient  size ; 
but  being  chiefly  carried  as  the  launch  of  a  larger  boat,  and  used  for 
the  purpose  of  landing  upon  shores  where  there  is  little  depth  of 
water,  it  is  usually  built  on  a  light  construction,  calculated  to  carry 
five  or  six  persons  upon  a  very  easy  draught  of  water.  Its  dimensions 
are,  therefore,  generally  about  15  feet  in  length,  and  its  extreme 
breadth  measures  five  feet.  The  peculiarity  of  this  boat  consists  in 
its  being  so  constructed  that  it  may  either  be  used  as  one  boat,  or 
separately  as  two  loots.  It  is  thereby  rendered  much  more  generally 
useful  and  portable  by  the  one  half  being  stowed  within  the  other, 
when  they  are  taken  on  board  of  a  larger  boat.  Tliis  portable  boat 
is  constructed  in  all  respects  like  a  common  boat  or  ship's  yaul ;  but 
when  almost  finbhed,  two  division  boards  are  introduced,  and 
fixed  transversely  nearly  amidships^  and  within  a  saw  draft  of  each 
other,  in  such  a  manner  as  to  answer  the  purpose  of  the  stem  boards 
of  two  boats  when  used  separately.  These  stem  boards  being  fixed 
in  their  places,  the  boat  is  cut  transversely,  when  two  entire  and 
complete  boats  are  produced,  which  may  be  connected  at  pleasure 

*  la  this  eclipse  the  iKidy  of  the  moon  completelj^  disappeared,  a  circumstance 
which  has  been  thought  improbable,  bot  the  same  phenomenon  is  recorded  three 
i^n  between  the  years  1000  and  1650.  ^ 


I 
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by  K  sliplolt  placed  near  the  keel,  like  the  lower  rudder  clialtttm 
common  boat.  Besides  this  bolt,  aod  near  the  top  of  the  stern  skei 
there  are  two  serew  bolls  w\i\\  Jinger  vuls.  But  this,  and  other p 
ticulars,  will  be  more  readily  undersiood  by  inspecting  Plate  L 
in  which  are  exhibited  the  sections  of  the  boat,  together  with  tl 
■view  of  the  two  halves  when  afloat. 

Tiie  advantages  of  employing  Brme's  porialle  boat  as  the  Im 
or  long  boat  of  larger  boats,  and  ijnalt  crajl  in  general,  are  » 
obvious  ;  but  this  invention  is  more  particulurly  adapted  to  becod 
extensively  useful  for  large  6shiDg  or  pleasure  boats  without  a  dec 
which  in   most  cases  require  as  great,  or  even  a  greater,  depth! 


water  to  float  them  than 
burthen.     Now  to  all  who  have 

niency,  and  even  hazard,  which  often  atteuds  ilie  approaching  of 
:;riptioii,  without  die  aid  of 


trading  sloops  of  20  or  30  U 
perienced  the  Inconi^ 


lee  shore  with  a  Urge  boat  of  this  de; 
Ginailer  boat,  and  who  have  of  course  felt  the  mortlficutiou  of 
waiting  the  return  of  the  tide,  or  perhaps  been  di«appointed.in{Siei 
object  altogether,  will  at  once  be  enabled  to  appreciate  the  vrIosm 
this  simple  coDtrivance,  by  which  the  perplexitiBs  that  daily  occur  ir 
pavigating  large  open  bouts  may  be  cficciually  avoided.  I  have^ 
indeed,  often  wondered  that  so  complete  a  remedy  for  much  incon^ 
Yenience  has  not  reached  the  noted  towns  of  Deal  and  Dover,  whci 
large  boats,  managed  with  much  spirit  and  activity,  are  slill  greatly 
lumbered,  and  their  passengers  much  liaoipercd,  with  the  unavoid-- 
able  size  of  a  small  boat  made  in  the  common  way,  which  the 
carry  on  hoard.  They  often,  indeed,  touf  it  astern,  but  this  greBtl 
retards  their  speed  in  sailing.  Before  the  common  small  brata 
be  launched  into  the  water  from  a  larger  boat,  for  the  purpose 
making  a  landing,  much  trouble  and  confusion  tieually  eniue,- 
in  the  best  managed  boats ;  whereas  the  boat  I  am  now  desciit ' 
commodiously  stowed,  the  rme  half  within  the  oiker,  before  the 
mast  of  a  boat  measuring  2G  feet  in  length  over  the  stem  and  a1 
which  gives  great  additional  accommodation  lo  passengers.  So 
plete  is  this  contrivance,  that  at  all  times  one  man  may  hand 
two  small  boats  over  the  large  boat's  gunu-kahi  or  if  convd 
two  men  may  assist  each  other.  When  afloat,  the  two  hmlms. 
eidier  be  used  separately,  or  connected  by  the  stern-bcdtE  n 
boat,  according  to  the  purpose  in  view;  and  it  is  satisfactofj 
kno^v  that  the  two  halves  are  nearly  s$  speedily  pot  together,  on  t 
water«  while  afloat,  ass  boat's  ruddetnaaj  hetbtpfjed:  and-indcei 
the  contacting  of  them  by  the  cateh-Iioh  or  chatter  is  an  operatioa 
pot  unhke  the  hanging  of  a  rudder,  while  the  screw  bolls  are  securH 
with  the  greatest  ease  and  expedition.  If  we  reflect  for  a  Diomegl 
on  the  advania^e  of  this  double  boat  id  paint  of  buoyancy,  convpain 
with  ihe  small  single  Irnat,  wluch  can  only  sometimes  be  carr"  '  ~"^ 
board  of  large  hipts,  on  account  of  its  inconvenient  bulk  ir 
ags.  we  iit  once  leetbe  value  aod  important  use  of  this 
Ipplicsble  to  maoy  purposes  on  all  the  shores  of  the  kingdon., 
The  Fritli  of  Forth  hii£  already  beea  meutioned  j  hut  it  is  oe  IcM 
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•ppUcable  to  the  ferry  between  Caithness  and  Orkney,  where  the 
post  boat  crosses  the  Pentl^nd  Frith.  Such  a  boat  would  be  highly 
cooducive  to  the  safety  of  the  mail,  and  to  the  comfort  of  the  nu- 
merous passengers  who  land  on  the  shelving  and  unprotected  shores 
on  either  side  of  this  impetuous  Frith,  where  as  yet  no  harbour  has 
been  made  for  the  reception  of  the  post  boat.  There  are  many  otlier 
situationsi  both  upon  the  British  and  Irish  coasts,  where  the  idtro- 
daction  of  Mr.  Bruce's  boat  might  be  attended  with  great  advantdge 
to  the  public.  In  recommending  this  boat  to  notice,  I  am  extremely 
happy  in  being  able  to  state  that  it  is  highly  approved  of,  and  has 
already  been  tried  pretty  extensively,  Mr.  Menzies,  carpenter,  o^ 
Leith,  having  built  no  less  than  12  of  these  boats  for  various  parts 
of  the  coast.  To  show  the  facility  with  which  they  may  be  used,  I 
wbh  particularly  to  mention  that  for  the  last  three  years  it  has  beea 
employed  with  great  success  in  the  pinnaces^  or  open  boats^  belong- 
ing to  the  ferry  between  Leith  and  Kinghorn,  which  is  under  the 
management  of  trustees  appointed  by  Act  of  Parliament ;  and  it  is 
also  in  two  of  the  boat  tenders  in  the  service  of  the  Commissioners 
of  the  Northern  Light-houses. 

Besides  being  applicable  to  ferry  boats,  and  as  a  launch  for  all 
boats  not  of  less  dimensions  than  22  feet  of  keel,  this  boat,  from 
its  portable  form,  will  be  found  to  be  very  generally  usefuL  It  de- 
serves a  place  in  every  ship  of  war,  and  is  well  adapted  to  become 
an  appendage!  to  all  ships  of  discovery  sent  by  Government  to  ex- 
pbre  unfrequented  coasts,  and  has  already  met  with  the  approbatioa 
of  many  Captains  and  Commanders  of  the  Navy,  as  highly  useful 
in  watering  parties,  and  even  suitable  for  landing  expeditions  upon  an 
enemy's  coast.  The  Hon.  Col.  Sir  R.  Dundas  has  had  a  model  of 
this  boat  laid  before  the  Board  of  Ordnance,  with  a  view  to  its  ap- 
[dicatbn  in  many  situations  for  an  army ;  as  it  may  be  made  so  light 
as  to  form  the  bodies  of  two  baggage  cartSj  and,  when  joined,  to 
become  asefdl  as  a  boat  for  crossing  rivers  or  arms  of  the  sea.  la 
Spttin^  in  France,  and  in  Flanders,  such  boats  would  have  been 
found  much  more  useful  than  the  common  pontoon,  carried  in  the 
engineer's  train  during  the  late  Wellington  wars. 

There  is  still  another  use  which  may  be  mentioned  to  which  this 
boat  seems  to  be  peculiarly  well  adapted.  Your  readers  already 
know  that  Mr.  Scoresby,  of  Whitby,  has  supposed  it  practicable  to 
nudce  a  journey  to  the  North  Pole,  which  indeed  has  already  been 
attao^pted  by  Alexia  Markoff,  a  CcWck,  who  set  off  from  the  qoast 
of  Siberia  in  the  spring  of  1715,  in  a  sledge  drawn  by  dogs,  but 
who,  owing  to  the  want  of  provisions,  was  obliged  to  abandon  the 
tatarprise  after  he  had  proceeded  about  400  miles.  Fo|r  such  a 
purpose  nothing  could  be  better  adapted  than  Mr.  Bruce's  boat^ 
made  of  thin  sheet  copper,  or  built  of  light  willow  timber,  which 
WHdd  answer  tot  the  bodies  of  two  sledges,  and  these  with  an 
AMmg  or  cdverio^  might  readily  be  converted  into  two  small  hutf  ^ 
^vrj^g  fuel  and  every  necessary ;  and  when  any  of  the  intervenJD|f 
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pools  occur,  which  Mr,  Scoresby   alludes  lo  in  his  paper  i 
second  volume  of  the  Transactions  of  the  Wernerian  Society,! 
joining  the  two  halves  a  boat  of  great  buoyancy  would  readi' " 
obtained  for  crossing  them. 

In  stating  the  obligations  the  public  owe  to  Mr.  Bruce  fi 
boat,  1  might  also  mention  other  improvements  iu  boat  a 
which  that  Gentleman  has  Introduced  upon  the  coast  of  the  I 
of  Forth,  particularly  the  use  of  the  lateen  sail,  which  is  found  to 
be  more  safe,  and  in  every  respect  better,  than  the  common  tug  anA, 
sprit  sails  formerly  in  use  in  the  Kinghoro  passage  boats.  " 

BdiiAurgh,  jiprittl,  1816. 


On  Ike  Physical  Properties  of  Gases.    By  Mr.  I.  Herapi 

(To  Dr.  Thomson.) 

BIR,  Bridtl,  Guiaca^tritl,  April  II,  1816. 

In  my  letter  to  you  respecting  a  paper  which  I  wished  lo  have 
published  in  yow  Annals  <f  Philosophy,  I  did  not,  I  apprehend, 
state  that  it  was  my  ititention  to  give  the  solution  to  the  problem  il 
was  likely  to  contain.  The  purport  of  that  letter  was,  I  believe,  , 
that  having  reason  to  tliink,  from  many  concurring  circumstances, 
I  could  give  a  mathematical  explication  of  the  cause  of  heat,  light, 
gravity,  cohesion,  &c.,  I  had  composed  a  problem,  which  I  had 
thoughts  of  proposing  to  mathematicians  and  philosophers,  for  the 
sake  of  discovering  whether  my  ideas  were  known  toothers;  by 
which  means  I  hoped  to  avoid  controversy,  in  case  I  should  be  in- 
duced to  make  my  sentiments  public.  And  as  I  was  desirous  thia 
problem  should  have  such  an  introduction  to  the  world  as  would 
ensure  it  attention,  I  wrote  to  you,  requesting  to  be  informed  whe- 
ther it  was  consistent  with  your  plan  to  allow  a  paper  of  this  mixed 
problematic  kind  a  place  ill  your  .^Tzna/^.  However,  as  you  seem 
to  have  totally  misunderstood  me,  and  to  be  anxious  for  a  solution, 
with  which  I  cannot  at  present,  on  many  accounts,  gratify  you,  1 
have  converted  the  problem  into  the  subsequent  theorem,  which  I 
trust  some  of  your  readers,  to  whom  my  ideas  may  have  occurred, 
will  have  the  goodness  to  demonstrate.  And  here  I  must  beg  lease 
to  obsei  ve,  that  I  have  chosen  this  theorem  in  preference  to  some  of 
much  greater  difGcully,  because  of  the  rapid  and  easy  manner  in 
which  it  flows  from  our  first  principles ;  it  being  more  my  intentioa 
by  easy  and  obvious  things  to  discover  what  others  have  done,  thaa 
to  display  the  effects  of  my  own  industry  and  patience  by  unneces- 
4^y  difficulties. 
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Theoretru 

Let  the  volumes  of  any  two  gases  be  denoted  by  V,  t; ;  the 
weights  of  these  volumes  by  W,  Wy  the  numbers  of  particles  in 
diem  by  N^  n ;  the  temperatures  by  T,  ^ ;  and  the  elasticities  by 
JLe.  The  ratio  of  £  to  e  is  equal  to  the  ratio  of  T*,  N*,  v,  w,  to 
P,ii«,V.W. 

in  this  theorem  I  suppose  the  particles  to  be  throughout  each 
lolume  uniformly  of  the  same  size ;  but  I  do  not  consider  whether 
these  particles  are  in  themselves  single  atoms^  or  two^  three,  or 
more,  united.  By  the  number  of  particles,  therefore,  I  mean  the 
nnmber  of  little  individual  bodies  of  which  the  airs  may  be  com- 
posed. 

Cor.  1. — Hence  in  a  given  portion  of  air  of  any  kind,  whose 
temperature  is  uniform,  the  elasticity  is  reciprocally  proportional  to 
the  space  it  occupies. 

Cor.  2. — And  if  the  portion  of  air  and  the  elasticity  remain  the 
same,  the  temperature  will  be  in  the  subduplicate  ratio  of  the 
volume. 

Cor.  3. — Hence  all  permanently  elastic  airs  whose  temperatures 
are  equal,  however  variable  these  temperatures  may  be,  have  their 
volumes  in  one  invariable  ratio.  Consequently  invariable  portions  of 
aoy  two  airs,  under  equal  elasticities  and  temperatures,  will  propor- 
tionally expand  in  volume  by  equal  additions  of  temperature. 

Cor.  4. — Since  it  is  found  by  experiment  that  all  gases,  at  the 
temperature  of  water  freezing,  expand  themselves  under  the  same 
elasticity,  at  the  temperature  of  water  boiling :  in  the  riLtio  of  1000 
to  1375,  it  follows,  by  Cor.  2,  that  the  ratio  of  these  temperatures 

is  equal  to  that  of  a/  1000  to  V  1375,  or  of  579  to  679  nearlv.— 
It  is  remarkable  that  this  result  agrees  very  nearly  with  what  1  have 
read  somewhere  in  Dr.  Henry's  Chemistiy,  obtained  by  widely 
different  means. 

Cor,  5.-^If  the  temperatures  and  elasticities  of  two  gases  are  the 
same,  the  numbers  of  the  particles  are  in  the  subduplicate  ratio  o( 
the  weights  and  volumes.  Hence  if  oxygen  be  16  times  htovier 
than  hydrogen,  as  some  late  experiments  seem  to  make  it,  two  par* 
tides  of  oxygen  unite  with  one  of  hydrogen  to  form  water. 

Cor.  6. — In  any  given  portion  of  gas  it  appears  that  the  tempera- 
ture is  always  as  a  mean  proportional  between  the  volume  and  elas- 
ticity. 

Scholium. 

I  do  not  trouble  you  with  all  the  consequences  that  may  be  drawn 
iirom  this  theorem,  because,  having  the  theorem  before  you,  they 
cannot  fail  of  being  easily  perceived ;  nor  do  I  mention  other  pro- 
perties of  gases,  that  foUow  from  a  combination  of  this  theorem 
Mth  other  consequences,  derived  from  the  same  principles,  as  thb 
would  be  little  less  than  doing  myself  what  I  want  to  see  done  by 
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others.  But  there  is  one  circumstance  which  1  must  not  c 
observe,  lest  it  be  productive  of  error.  This  is,  that  the  tcin 
turc  included  in  our  theorem  is  not  such  as  is  shown  by  the  cam 
thermometers.  These  do  not  show  the  ratio  of  the  temperatwL 
any  two  bodies,  nor  do  they  point  out  the  real  difference  ofl 
perature,  as  is  well  known.  They  only  show  us  that  there  is  a  ^^ 
ence,  and  that  this  difference  is  greater  or  less  than  another  duft 
ence.  Indeed,  from  any  thing  that  has  been  published,  we  are 
wholly  unable  to  discover  what  is  the  diSerence,  or  what  is  the  ratio 
of  temperature  of  two  bodies,  or  which  is  the  point  of  absolute 
cold.  These  are  things  that  cannot  be  known  without  a  mathema- 
tical e^kplicatiun  of  the  cause  of  heat,  and  the  assistance  of  instru- 
ments constructed  on  mathematical  inductions  from  it.  In  the  sixdi 
Cor.  we  have  endeavoured  to  give  the  data  from  which  insirumenti 
for  this  purpose  may  be  made.  The  first  and  third  Cor.  present  lu 
with  results  perfectly  coinciding  with  two  of  the  most  general  and 
important  laws  of  gases  which  observation  has  made  known  to  ui. 
The  fifili  Cor.  is  remarkable  for  being  diametrically  opposite  to  the 
opinion  of  some  of  the  most  celebrated  chemical  philosophers  of 
the  day.  In  consequence  of  the  definite  union  of  gases  by  volmDe, 
it  lias  been  supposed  that  the  atoms  or  particles  of  these  gases  unite 
in  the  same  proportion.  Thus  two  in  volume  of  hydrogen  com- 
hining  with  one  in  volume  of  oxygen  to  form  water,  it  has  been 
therefore  urged  tliat  two  particles  of  the  former  unite  with  one  of 
the  latter.  But  this  is  taking  two  positions  for  granted  which  remala 
to  be  proved ;  namely,  that  equal  volumes  of  any  two  gases,  cceteris 
parilnis,  contain  equal  numbers  of  particles ;  and  that  if  the  elas- 
ticily  of  gases  depends  on  the  repulsive  force  of  their  particles,  all 
particles  at  the  same  distance  repel  each  other  with  the  same  force^ 
however  different  may  be  their  si>:es.  Whether  the  experiments 
that  have  been  made  on  the  definite  union  of  gases  authorize  us  to 
consider  it  an  invariable  law,  is  questionable.  This  at  least  is  cer- 
tain, that  whatever  may  be  the  proportion  in  which  gases  combine, 
they  are  capable  of  remaining  in  unisn  afterwards  in  very  differeat 
proportions,  Mr.  Harrop's  beautiful  experiments  on  the  absorption 
of  oxygen  from  water  hy  nitrogen,  sufficiently  establish  this  fact; 
which  perhaps  is  one  of  the  most  valuable  discoveries  that  has  lately 
been  made,  and  which,  if  pursued,  appears  likely  to  disclose  trutta 
of  considerable  importance. 

Though  the  above  theorem  evidently  obviates  the  necessity  of  my 
entering  at  present  into  the  particulars  of  our  theory,  yet  perhaps  a 
few  remarks  on  its  simplicity  and  comprehensiveness  may  not  be 
unacceptable,  in  the  first  place  it  does  not  show  a  necessity  of  there 
being  more  than  one  kind  of  matter  from  the  different  sizes,  figures, 
and  modifications,  of  whose  particles  all  bodies  may  be  composed. 
It  gives  but  one  cause  for  heat,  light,  gravitation,  electricity,  cohe- 
sion, aerial  repulsion,  &c, ;  from  which  all  these  fiow,  and  are  easily 
deduciblej  oaA  Uieir  e&ects  may  be  computed  by  mathematical  w* 
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dacdon.  *  It  shows  us  that  gni?itation,  cohesion,  and  affinity,  are 
tat  the  same  thing  under  different  modifications ;  that  the  diiler- 
edce  of  the  two  latter  arise  from  a  difference  in  the  figores  and  sixtB 
im\j  of  the  particles;  that  attraction  and  repulsion  are  not  properties 
«f  mattrr ;  and  that  the  phenomena  of  heat  and  electricity  are  not 
Ae  efiects  of  fluids,  '^  per  se  et  sui  generisJ*  And  if  we  descend 
&om  causes  to  efiects,  the  rapidity  with  which  the  phenomena  flow 
inMn  the  theory  is  rather  singular.  I  can  say  that  as  &r  as  I  have 
yet  compared  it  with  observation,  during  a  period  of  some  years^ 
there  has  not  occurred  a  single  exception ;  and  wherever  mathe* 
natics  have  been  applied,  the  results  of  theory  and  experiments 
perfectly  agree,  of  which  the  preceding  theorem,  obtained  by  thi 
strictest  mathematical  induction  from  first  principles,  ixiay  probably 
k  allowed  to  be  no  unfavourable  specimen.  But  there  are  several 
cases  to  which  I  have  not  yet  introduced  mathematics,  and  that 
partly  on  account  of  the  difficulty  of  the  investigations,*  and  partly 
on  account  of  the  small  portion  of  time  which  the  duties  of  my 
situation  allow  me  to  devote  to  those  things.  In  our  solution  of  the 
problem  concerning  the  law  of  gravitation  (a  problem  that  is  not 
perhaps  one  of  the  easiest),  we  arrived  at  a  result  that  ought  not  to 
be  lightly  passed  over,  particularly  as  it  may  le^d  to  consequences  of 
more  importance  than  we  may  expect ;  and,  at  any  rate,  whea 
ascertained  by  experiment,  will  prove  pretty  decisive  with  respect  to 
the  refutation  or  confirmation  of  our  theory.  It  is  this,  that  the 
intensity  of  attraction,  as  deduced  from  our  principles,  is  subject  to 
the  influence  of  the  temperature  of  the  attracting  body.  1  have 
loDg  wished  to  put  this  to  the  test  of  experiment,  but  have  not  yet 
been  able  to  devise  any  effectual  means  of  doing  it.  The  inter- 
ference of  our  atmosphere,  and  the  exceedingly  small  force  with 
which  one  body  attracts  another,  when  compared  to  the  attraction 
of  the  earth,  added  to  the  very  trifling  difference  we  are  enabled  to 
make  {Cor.  4)  in  the  ratio  of  the  temperature  of  a  body,  render  it 
extremely  difficult,  if  not  impossible,  to  appreciate  by  any  commoa 
experiment  the  effect  that  a  difference  of  temperature  would  have 
Km  the  attractive  force  of  a  body.  But  though  local  circumstances 
make  it  no  easy  matter  to  experiment  successfully  on  this  subject^ 
there  are  perhaps  other  means  Xd  which  we  may  not  unprofitably 
have  recourse.  One  of  these  is  the  lunar  theory.  By  a  calculation 
which,  some  years  since,  I  made  on  the  annual  equation  to  the 
moon's  mean  motion,  there  seems  to  be  reason  for  supposing  that 
the  earth's  action  on  the  moon  is  greater  about  the  winter  than  the 
^mmer  solstice,  or  greater  when  the  earth  is  nearer  the  sun  than 
when  further  from  it.  This  difference,  if  it  be  so,  can  only  be 
attributed  to  a  variation  of  temperature,  arising  from  a  change  of 
distance  ii|  the  earth  vtrith  respect  to  the  sun. 

*  The  phenomena  of  electricity  and  magnetism  I  have  not  yet  attempted  io  re> 
liee  to  mathematical  laws.  Indeed,  the  experiments  that  haire  l»een  made  on  these 
Md^jects,  notwithstanding  they  are  so  nnmerous,  do  not  appeal  to  \t  tha  bout 
julapted  lor  an  inquiry  into  their  physical  causes. 
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VVIiile  speaking  of  experiment!),  I  may  just  hint  that 
occurred  to  me,  during  the  time  1  have  been  writing  tliis,  to 
tain  the  truth  of  our  theory,  in  one  or  two  cases,  by  the  k 
concave  mirrors  and  thermometers  eoustrueted  on  our  prini 
But  as  I  liavc  not  sufHciently  examined  the  idea  to  be  able  to  £ 
correet  judgment  of  it,  I  defer  saying  any  further  at  present, 

1  must  now  have  trespassed  consiiJerably  on  your  patiencCi  __ 
which  1  beg  to  return  my  kind  acknowledgments,  and  will  conclude 
with  observing,  tliat  if  this  crude  trifle  prove  acceptable,  it  may  be 
followed  by  one  or  two  others,  probably  on  the  lunar  calculattqn 
above  mentioned,  or  the  phenomena  of  reflected  and  retracted  heat 
and  cold,  in  which  I  hope  to  set  the  matter  discussed  in  some  of  tlie 
]ale  numbers  of  your  Aimah  of  Ptiilosophy,  by  the  ingenious  Messn. 
Murray  and  Davenport,  in  a  light  that  may  not  be  altogether  unsa- 
tisfactory. 

I  am.  Sir,  respectfully,  your  humble  servant, 

J.  Heuapath. 
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ROYAL     SOCIETY. 

On  Thursday,  May  2S,  a  |)apcr,  by  Tliomas  Andrew  Knight, 
Esq.  On  the  Cause  of  the  Formation  of  Ice  in  the  Bottom  of  Rivers, 
was  read.  After  a  very  cold  night  last  winter,  he  observed  a  great 
many  icy  spiculie  upon  the  surface  of  the  river  Team,  in  Hereford- 
shire, near  the  place  of  his  residence.  Had  the  weather  continued 
cold,  he  has  no  doubt  that  bottom  ice  would  have  been  formed  in 
this  river,  as  it  had  been  about  eight  years  before.  The  current 
would  have  driven  these  spieulee  against  the  stones  at  the  bottom  of 
tlie  river,  to  which  they  would  have  stuck,  and  soon  produced  aa 
icy  concretion. 

At  the  same  meeting,  a  paper,  by  Sir  Everard  Home,  On  the 
Formation  of  Fat  in  the  Tadpoles  and  Frogs,  was  read.  An  anato- 
mical description  of  the  tadpole  of  the  rai;a  paradoxica  was  given, 
and  likewise  a  set  of  chemical  observations  on  the  cgg^  of  birds  and 
the  spawn  of  frogs,  by  Mr.  Hatchett.  The  yolk  of  birds'  eggs  is  a 
mixture  of  albumen  and  a  buteraceous  oil.  But  the  spawn  of  tlie 
frog  contains  no  oil  whatever.  Hence  Sir  Everard  concludes  the 
necessity  of  tadpoles  to  form  a  quantity  of  fiit  before  they  can  com- 
plete their  change  into  a  frog.  And  as  the  intestines  of  the  tadpoles 
are  longer  than  those  of  any  other  animal,  Sir  E.  considers  it  as 
evident  that  this  fat  is  formed  by  the  intestines. 

On  Thursday,  May  30,  a  paper.  On  the  Application  of  Gal- 
▼anism  to  tlie  Cure  of  ceit^n  Nervous  Diseases,  by  Dr.  Wilsoa 


mQ  Royal  Society.       '  61 

Pbittpy  vfns  read.'    The  author,  in  the  papeis  already  submitted  \o 

the  Scxnety,  coDceives  that  he  has  shown  a  radical  difference  be^ 

ttreen  the  nervous  and  the  sensorial  energies.     Gralvanism,  if  it  be 

not  the  Tery  same  with  the  former,  may  be  substituted  for  it,  and 

acts  in  the  same  way.    He  thinks,  therefore,  that  galvanism  can 

be  applied  successfully  only  to  disorders  of  the  nervous  system; 

thoogh  it  may  at  times,  perhaps  in  consequence  i)f  the  intimate 

connexion  between  the  sensorial  and  nervous  systems,  successfully 

excite  the  former  to  activity.     Asthma  appears  to  be  entirely  a 

disease  of  the  nerves  ;  for  the  lungs,  even  in  obstinate  chronic  cases^ 

are  not  in  the  least  injured.     He  therefore  thought  of  applying  gal- 

Yanism  as  a  cure  of  that  disease,  and  found  it  of  material  bene&  in 

all  the  cases  tried.  It  was  had  recourse  to  in  18  cases  in  the  Worcester 

Infirmary,  and  in  four  cases  of  private  practice.    In  every  one  of 

them  immediate   benefit  was  experienced;    in  most  of  them  it 

afforded  greater  relief  than  any  preceding  medicine  tried,  and  ia 

two  of  the  cases  it  produced  a  complete  cure.    The  method  was  to 

apply  a  piece  of  tin  foil  to  the  nape  of  the  neck,  and  another  to  the 

pit  of  the  stomach.    The  wires  from  the  two  ends  of  a  galvanic 

battery  were  connected  with  these,  and  the  galvanism  was  continued 

for  about  10  minutes.    At  first  it  was  very  weak,  being  confined  to 

three  or  four  pairs  of  plates  of  four  inches  square,  excited  by  water 

mixed  with  -^th  of  its  weight  of  muriatic  acid ;  but  was  gradually 

increased  till  it  consisted  of  20  or  25  pairs  of  plates,  by  removing 

one  of  the  wires  along  the  battery.  The  galvanism  was  applied  once 

in  24  hours ;  and  in  two  cases,  in  which  it  produced  permanently 

beneficial  effects,  it  was  applied  twice  in  24  hours. 

On  Thursday,  June  13,  a  paper,  by  Thomas  Andrew  Kni^ht^ 
£sq.  On  the  detached  Leaves  of  Vegetables,  was  read.  Mr.  Knight 
was  of  opinion  that  liquids  similar  to  the  true  sap  pass  down  through 
the  footstalks  of  the  leaves  of  plants,  and  supply  all  the  nourishment 
by  which  vegetables  are  supported  ;  and  his  experiments  related  in 
this  paper  confirm  his  opinion.  He  planted  single  leaves  of  the 
potatoe  in  garden  pots,  and  watered  them  regularly.  In  this  situa- 
tion they  lived  till  winter,  and  the  bottom  of  the  leaf  had  swelled 
out  to  a  matter  similar  in  its  nature  to  the  potatoe  tuber.  Leaves 
of  mint  treated  in  this  way  likewise  lived  all  winter,  like  evergreens, 
and  sent  out  numerous  roots.  Branches  of  the  vine  about  a  yard 
long  were  placed  so  that  their  full  grown  leaves  dipped  partly  into  a 
bason  of  water  each.  In  this  position  the  branches  lived  for  a 
month ;  the  small  leaves  increased  in  size,  and  the  small  twigs  con- 
tinued to  elongate. 

At  the  same  meeting  a  paper  by  Dr.  Holland  was  read,  On  the 
Manufacture  of  Sulphate  of  Magnesia  at  Monte  de  la  Guardia, 
about  eight  miles  north  from  Genoa.  The  mountains  in  that  dis- 
trict consist  of  primitive  slate,  with  subordinate  beds  of  serpentine 
and  lime-stone.  The  serpentine  contains  veins  of  pyrites,  both 
copper  and  iron^  and  the  manufacture  was  first  established  to  obtain 
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blue  ini  ffreen  vitriol.  But  the  appearance  of  sulphate  of  magnera 
in  great  quantity,  during  ilie  process,  gradually  induced  tUa  pro- 
prietors to  luni  liieir  cliief  attention  to  the  preparatioD  of  tliat  salt. 
The  pyrites  is  i-oasted  for  about  a  week.  It  is  ttien  exposed  to  die 
sir  lor  soire  oiomhs,  during  which  period  it  is  occasionally  watered. 
It  ftills  down  iatosiriiili  fragments,  and  minute  crystals  of  sulphate 
of  magneiiia  form  on  its  surface.  It  is  lixiviated  with  water,  and  the 
liquid  filtered.  It  contains  sulphates  of  magnesia,  of  iron,  and  of 
copper.  The  metals  are  precipitated  by  means  of  the  magnesian 
lime-stone  which  abounds  in  that  country.  It  is  supposed  that  the 
magnesia  contained  in  the  lime-stone  may  somewhat  increase  tb» 
product  of  sulphate  of  magnesia.  But  I  do  not  see  how  that  can 
iiappen.  An  analysis  of  the  pyrites  employed  in  the  manufactoiy 
would  be  very  desirable,  ftobably  the  magnesia  may  be  derired 
from  serpentine  or  steatite  merely  mechanically  mixed  with  the 
f^rites. 

On  Thursday,  June  20,  a  paper  by  Dr.  Brewster  was  read,  On 
the  Optical  Struclure  of  the  Lens  of  the  Eyes  of  Fishes.  Miick 
pains  have  been  bestowed  in  investigating  the  structure  of  the  eyes 
of  animals.  But  the  investigation  has  not  rewarded  philosupheia 
for  the  lalwur  bestowed  upon  it.  Dr.  Brewster  subjected  the  leiM 
of  a  cod  ii^^h  to  esamination  in  a  glass  parallelopiped  surrounded 
with  Canada  balsam,  and  described  the  optical  phenomena  wbich 
presented  themselves.  From  these  phenomena  he  draws  as  a  con- 
clusion that  the  central  nucleus  of  the  lens  is  in  a  state  of  compres- 
sion, and  the  external  coats  are  in  a  state  of  dilataiion,  in  coos^ 
qtience  of  which  they  boih  polarize  light  like  crystallized  bodies; 
while  the  coats  between  the  central  nucleus  and  the  external  coats 
do  not  polarize  light  at  all.  He  conceives  that  the  object  of  this 
structure  is  to  conect  the  effect  of  spherical  aberration. 

At  the  same  meeting  a  paper  by  Sir  Everard  Home  was  read', 
containing  a  further  Account  of  the  Fossil  Skeleton  found  near 
Lyme,  and  described  by  him  in  a  former  paper  read  to  the  Society. 
Having  examined  some  further  remains  of  the  same  fossil  animal  in 
the  col!ec;tion  of  Mr.  Buckland,  of  Oxford,  and  Mr,  Johnson,  of 
Bristol,  he  has  ascertained  that  tlie  animal  was  a  fish,  but  seeminglj 
of  a  genus  very  different  fiom  any  which  exists  at  present. 
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On  Friday,  May  24,  the  Anniversary  of  the  Society,  the  folloK- 
U]g,office- bearers  were  elected  for  the  ensuing  year : — 

'        PTesident — Sir  James  Edward  Smith,  M.  D. 
*  Treasurer — Edward   Forster,  Esq. 

Secretary — Alex.  Macleay,  Esq. 
Under  Sicretary — Mr.  Richard  Taylor. 
There  were  retained  of  the  old  Council—  > 
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The  Pnesident, 

Tlie  Lord  Bishop  of  Carlnle, 

Aylmer  Bourke  Lambert,  li^. 

Alexander  Macleay, .  £sq. 

William  George  Maton,  M.IX 

Daniel  Moore,  Esq.  F.  R.S. 

Joseph  Sabine,  Esq.  F.R.S. 

William  Kent,  Esq. 

itey.  Thomas  Rackett, 

Thomas  Thomson,  M.D.  F.R.S. 

The,  five  following  Fellows  were  elected  into  the  CpuQciI-<^ 

Edward  Forster,  Esq. 
George  Bellas  Greeno.ugh,  Esq. 
Wm.  Horton  Lloyd,  Esq. 
John  Lord  Bishop  of  Salisbury, 
Edward  Lord  Stanley. 

On  Tuesday,  June  4,  and  on  the  two  preceding  ordinary  meet- 
ings, the  Society  was  occupied  by  a  paper  on  the  g^nus  rosa^  by 
Mr.  Wood. 

Ob  Tuesday,  June  18,  part  of  a  paper  on  the  genus  of  plants 
called  jt^cu5,  containing  a  description  of  all  the  ind^enous.  specifiSi 
by  James  Ebenezer  Bicheno,  Esq.  was  read. 

The  Society  adjourned  till  Nov.  5. 

ROTAL  SOCI£TT  OF  EDINBURGH. 

On  Monday,  June  3,  a  paper  by  Mr.  Cadell  was  read.  On  the 
lines  that  divide  each  Semidiurnal  Arc  into  Six  equal  Parts. 

The  intertropical  parts  of  these  lines  for  the  climates  of  Greece 
tad  Italy  constitute  the  hour  lines  on  the  antique  sun-dials.  Most* 
of  the  writers  on  gnomonics  have  considered  these  lines  as  great 
circles ;  Clavius  alone  demonstrates  that  they  are  not  great  circles  ; 
and  afterwards  Montucla  states,  but  without  discussion,  that  they 
ire  curves  of  a  peculiar  nature.  The  celebrated  and  profound 
astKMtiomer  Delambre,  having  examined  only  the  portions  that 
occur  on  the  Greek  dials,  controverts  the  opinion  of  Montucla. 

The  object  of  the  paper  is  to  show  that  the  curved  surfaces,  whose 
lections  form  these  lines,  are  undulated,  and  of  the  nature  of 
cones,  the  apex  of  one  undulation  being  as  much  elevated  above 
die  equator  as  the  apex  of  the  next  undulation  is  depressed  below  it. 

To  see  the  curvature  of  these  lines,  it  is  sufficient  to  draw  them 
on  &  globe.  And  the  undulated  cone  is  completed  by  conceiving 
the  diameter  of  the  sphere  which  has  described  the  first  branch,  to 
Biove  progressively  and  continuously  between  the  two  parallels  that 
touch  the  horizon,  until  the  extremities  of  the  diameter  arrive  at 
the  points  from  which  they  set  out. 

If  it  be  proposed,  for  example,  to  draw  oti  a  globe  the  cu^ve 
wluch  contains  the  third  and  ninth  antique  hour  line,  that  the 
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figure  may  be  more  conveniently  delioeated,  elevate  tlic  pol 
60°,  and  divide  each  semidiurnal  arc  into  two  equal  parts/ 
line  drawn  through  the  poiuts  of  division  is  one  bicrural  bi 
the  curve.  This  branch  terminates  at  a  point  in  the  greatest, 
Been  parallel;  and  to  complete  the  curve,  the  semidiurnal  arcs  be- 
longing to  this  point,  considered  as  the  middle  point  of  a  horizn^ 
(tbrming  the  same  angle  with  the  equator  as  the  first  horizon,  but 
on  the  other  side)  are  to  be  divided  into  two  equal  parts,  and  tbe 
points  of  division  being  joined,  a  complete  re-entering  curve  it 
formed  on  the  surface  of  the  sphere.  A  diameter  of  the  sphere 
revolving,  with  its  exlremiiy  apphed  to  this  curve,  forms  the  undu- 
lated conical  surface,  the  portion  of  the  diameter  on  the  other  ade 
of  the  centre  forms  at  the  same  time  an  opposite  cone  equal  aod 
similar. 

The  five  undulated  surfaces,  each  of  which  contains  a  pair  of  the 
antique  hour  lines  have  each  a  different  number  of  undulations. 

ROVAL   INSTITUTE  OF    FRANCS. 

Accmtnl  of  the  Lahours  of  the  Class  of  Malhemalical  and  Physical 
Sciences  of  the  Royal  Institute  of  France  during  the  Year  1815, 

Physical  Department. — By  M.  le  Chevalier  Cuvier,  Perped 
Secretary, 
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ZOOLOGY,   ANATOMY,   AND    PBTSIOLOCr. 

{Cunlinucd  from  Vol.  VII,    p.  M7,)     ■ 

The  observations  on  the  envelopes  of  the  fcetus,  made  by  M.  dii^ 
Trochet,  Physician  of  Chateau- Renaud,  of  which  we  have  already  i 
spoken  several  times,  have  been  repeated  by  the  Commissioners  of  , 
the  Class,  who,  being  once  engaged  in  this  work,  made  themselves  i 
some  observations,  tending,  like  those  of  M.  du  Trochet,  to  coa- 
lirm  the  great  analogy  which  has  been  already  observed  betweea  ■ 
vi^'iparous  and  oviparous  animals. 

The  oviparous  animals,  which  after  their  birth  respire  by  means 
of  lungs,  have  all  eggs  nearly  of  the  same  structure.  Within  a 
double  membrane,  which  covers  the  inside  of  the  shell,  are  con- 
tained the  white  and  yolk  of  the  egg.  This  last  is  suspended  by  two 
poles,  by  means  of  cords,  called  clialazie,  which  are  productions  of 
Its  peculiar  tunic,  the  most  external,  under  which  is  also  a  second. 
It  is  below  this  that  the  first  traces  of  the  chicken  are  perceived,  and 
the  beautiful  vascular  circle  by  which  it  is  connected  with  the  yolkf 
and  from  which  vessels  come  the  arteries  and  veins  of  its  mesentery. 
The  umbilical  vessels  do  not  proceed  to  the  yolk,  but  are  distributed 
on  a  membrane  which  communicates  with  the  cloaca,  and  which 
corresponds  with  the  allantois  of  quadrupeds.  This  singular  organ, 
at  first  invisible,  and  appearing  only  on  the  fourth  day,  and  as  a 
Teiiqle  coming  out  of  the  abdomen,  grows  with  astonishing  rapidity. 
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k  pierces  the  ejndermis  of  the  yolk,  pushes  the  white  to  the  narrow 
cod  of  the  egg,  and  soon  encloses  the  whole  foetus  and  yolk  with  a 
dwble  membrane.     The  external  tunic  thus  produced  by  the  pro- 
digious increase  of  the  allantois  is  what  the  old  observers  have  called 
dbrtofi ;  but  it  does  not  correspond  to  the  true  chorion  of  quadru- 
peds, which  is  represented  by  the  proper  membrane  ot  the  shell,  as 
the  shell  itself  represents  the  membrane  cadi/tfue  in  quadrupeds.  It 
ii extremely  probable  that  this  net  of  the  allantois  serves  for  respira-. 
«tioD,  and  supplies  the  place  of  the  Uuigts,  which  cannot  exercise  its 
fa&ctious  till  the  animal  comes  into  the  elastic  air.     What  leads  to- 
tUi  (pinion  is,  that  oviparous  animals,  which  breathe  during  their 
fife,  or  immediately  af^er  birth,  by  gills,  have  never  in  the  egg 
cither  allantois  or  umbilical  vessel,  probably  because  the  liquid  in 
which  they  live  furnishes  enough  of  oxygen  to  their  gills,  and  re^ 
eeives  it  itself  from  the  ambient  element. 
In  the  fiilse  viviparous  animab  with  lungs,  such  as  the  viper,  the 
j     shell  of  the  egg,  and  the  peculiar  membrane,  which  are  much  thinner, 
I     ire  speedily  torn  and  rejected ;  so  that  the  exterior  and  vascular  mem- 
I     biane  of  the  allantois  serves  as  an  exterior  tunic.    It  is  immediately 
embraced  by  the  edges  of  the  oviducts;  and  as  it  sometimes  adheres 
'     to  their  edges,  M.  du  Trochet  supposes  tliat  as  iutinmte  a  connexion 
i     exists  between  them  as  between  the  placenta  and  uterus  in  mam-, 
miferous  animals;  so  that  the  vipers  would  be  still  more  completely 
viviparous  than  they  appear  to  be.     But  the  observations  of  the 
Commissioners  have  not  confirmed  this  opinion.     The  case  is  diffe- 
\    rent  with  the  remarks  made  .by  our  skilful  observer  on  tadpoles. 
Ilieir  skin  and  tail  does  not  fall  off,  as  is  commonly  l)elieved,  to 
tilow  the  frog  to  appear.    But  the  skin,  after  being  pierced  by  the 
feet,  forms,  on  drying,  a  kind  of  epidermis,  and  the  tail  is  entirely 
re-absorbed. 

M.  du  Trochet  had  been  in  some  respects  anticipated  in  his  ob- 
servatioDs  on  eggs  by  the  German  anatomists,  and  particularly  by 
BlumeDbach,  Hochstetter,  and  Emmert.  But  he  has  added  a  great 
deal  to  what  they.knew ;  and  he  has  contrived  to  make  the  different 
degrees  of  developement  very  clear,  by  means  of  ideal  sections,  in 
wUch  the  eye  is  enabled  to  follow  all  the  changes  of  proportion  of 
the  difierent  parts. 

M.  Cuvier,  one  of  the  Commissioners  appointed  to  verify  the 
observations  of  M.  du  Trochet,  has  continued  them  in  some  respects 
on  the  foetuses  of  true  viviparous  animals;  that  is  to  say,  on  the 
mammifera,  assisted  by  M.  Diard,  a  young  physician,  who  likewise 
Hosted  M.  du  Trochet. 

To  perceive  the  analogy  between  the  envelopes  of  these  foetuses 
nd  those  of  the  egg,  it  was  necessary  to  observe  them  in  carnivorous 
isimals,  and  especially  in  the  cat.  The  membrane  called,  very  im- 
properly, pmbilical,  and  which  receives  vessels  only  proceeding 
vom  those  of  the  mesentery,  represents  in  them  the  yolk  of  the 
egg,  and  so  completely  that  in  the  cat  it  is  likewise  a  yellow  liquor, 
wUeh  it  contains  at  a  certain  period  of  gestation.  Fixed  by  its  two 
Vol.  VIII.  NM.  E 
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chalazEB  to  the  two  estremities  of  the  chorion,  as  the  yolk  is 
membrane  of  the  shell,  it  is  likewlst:  enclosed,  as  well  as  the 
and  Ita  amnios,  by  the  double  membraDe  of  the  allantoU  ;  : 
tweeii  it  and  the  chorion  there  is  a  very  vascular  membrane^ 
supplied  by  the  umbilical  vessels,  and  which  most  authors  have 
founded  with  the  chorion,  which,  on  the  contrary,  has  no  ves94 

The  principal  difference,  then,  between  mammiferous  and  on- 
parous  animala,  will  be,  besides  the  exisrence  of  the  placenta  io  (he 
jirst,  that  in  them  the  allantois  doubles  the  chorion  and  eni'elop» 
within  it  from  the  first,  the  foetus  and  yolk,  so  that  we  cannot  sec 
their  original,  nor  fellow  their  devetopement. 

In  certain  orders  of  mammiferous  animals,  and  particularly  in  the 
rangeurs,  there  is  a  still  more  singular  difference ;  the  all&Dtrai 
reniaini  smaller,  and  it  is  the  umbilical  membrane  which  encloKs 
it,  as  well  as  the  ftetus,  and  doubles  the  chorion. 

M.  Cuvicr  has  found,  as  Messrs.  Oken,  Hochstetter,  and  Eoi- 
mert,  had  done,  the  umbilical  membrane  in  all  the  mammifera, 
even  in  man ;  but  he  could  never  perceive  the  pedicle  by  wliich  the 
first  of  these  observers  pretends  that  it  communicates  with  the  in- 
testine, and  which  would  have  completely  established  its  analogy 
with  tlie  yolk  of  the  egg  of  birds.  He  thinks,  likewise,  that  the 
allantois  always  exists,  and  that  it  has  not  been  observed  in  man, 
because  it  adheres  too  intimately  to  the  inner  surface  of  the  chorioD. 
This  adherence  is  not  less  intimate  in  the  horse.  But  as  in  (Ms 
animal  the  ouraqzte  a  hollow,  it  has  been  easy  to  perceive  the  exist- 
ence of  the  allantois.  It  has  been  misunderstood  in  man,  because 
the  mraque  is  usually  obliterated. 

From  these  observations  it  follows  that  the  only  essential  dltfercRtW 
between  the  eggs  of  diflbrent  animals  with  lun^  Is,  that  in  ovlt- 
parous  animals  the  umbilical  membrane  contains  a  quantity  of  food 
sufficient  to  nourish  the  foetus  by  means  of  its  omphalo-meseBteric 
Teasels,  till  It  be  hatched,  and  even  at^er  its  birth,  and  thai  th«  uA- 
bilical  vessels  on  the  inside  of  the  allantois  merely  answer  the  pur- 
poses of  respiration;  but  in  viviparous  animals  this  umbilical  mert- 
brane  alone  not  being  sufficient  for  nutrition,  the  umhllicnl  vessels, 
afterhaving  enveloped  the  allantois,  pierce  the  chorion,  In  order  to 
make  their  way  inio  the  uterus,  to  obtain  at  once  from  the  blood  of 
the  mother  both  nourishment  and  the  oxygenation  of  that  noarish- 
ment. 

As  to  animals  with  gills,  whether  fishes  or  the  fry  of  frogs,  tfie 
organizanon  of  their  eggs  is  much  more  simple.  \\  ithout  allmmit 
and  umbilical  vessels,  tlieir  vltellus  communicaleswiih  the  intesthie 
by  a  duct,  so  large  tliat  it  may  be  considered  as  an  appendage  of  it, 
as  a  kind  of  provisiunary  stomach  already  filled  with  food.  This  is 
shown  both  by  the  observations  of  du  Trochet  and  Cuvier,  and  bj 
the  old  obsenations  of  Steno,  Haller,  and  many  other  anatomistv. 
In  hlsstilking  experiments  on  vomiting,  M.  Magendie  had  6b- 
servrd  that  this  operation  was  preceded  by  efforts  in  which  the  sR>- 
nrnch  swelled,  alter  a  movement  of  dttglutition.  He  supposed  thk 
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to  M  what  tvfc  cHiiHeS  nausea,  and  supposed  its  caase  to  be  the  dcglu- 
fitimi  6f  air.  It  was  known,  indeed,  by  the  exneriments  of  M, 
Qomti  that  the  swallowing  of  air  provoices  vomititg.  A  young 
ciMcHpt,  in  order  to  appear  il!»  had  carried  the  art  of  swallowing 
abr  ad^  fiif  as  not  only  to  swell  hi^  stomach,  hut  likewise  his  intes^, 
tines,  and  this  state  occasioned  violent  pain.  M.  Magendie  hai 
proved,  by  direct  experiments,  this  nature  of  nausea.  Vomiting 
toodiicM  iu  dogs,  either  by  immediate  pressure  on  the  stomach,  or 
by  inje(!tibg  tartar  emetic  into  the  veins,  always  occasioned  move- 
ittents  fitted  to  make  air  pass  through  the  (ssbphagus  into  the  std^ 
iBJath,  and  these  movements  were  quite  similar  to  nausea. 

We  woaM  willingly  add  to  the  department  of  physiology  i 
memoir  of  M.  de  Montegre  on  ventriloquism.  By  lessons  from  M. 
Comte,  who  has  become  so  famous  by  the  practice  of  this  j^irigill^ 
att,  M.  Montegre  explains,  not  only  the  processes  by  wlijcli  one 
can  differently  modify  the  sound  of  his  voice ;  but  likewise  all  the 
aftifieea  by  which  we  can  deceive  the  hearers  with  respect  to  the 
^rectioa  and  distance  of  the  sound.  Unfortunately,  these  details 
lore  of  such  a  nature  as  to  be  understood  by  examples,  and  imitifted 
by  practice,  rather  than  to  be  explained  by  words,  at  least  by  words 
aa  shoit  aa  we  diost  employ  in  our  analysis. 

MEDICINK  AND   SURGERY. 

It  is  in6re  thah  half  a  century  since  the  surgeon  Garangeot  pre-* 
kiiKd^d  that  he  had  seen  a  nose  which  had  been  bit  off  in  a  ouahrel, 
thrown  on  the  ground,  and  allowed  to  get  cold  again,  fixeo  to  the 
fiee,  and  adhermg  as  at  first.  This  did  not  at  first  excite  even  sur- 
prise ;  but  the  miracle  was  at  length  called  in  question,  the  narrator 
Was  gelkieraUy  ridiculed,  and  no  one  attempted  to  repeat  the  pre- 
tteded  operatkm.  However,  a  fact,  no  less  extraordinary,  which 
fcdk  place  in  Scotland,  has  been  judicially  attested.  A  finger,  en- 
ftetf  cut  ofl^  adhered  again  in  a  few  days,  losing  merely  the  nail. 
It  seems,  e^en  from  different  authors  of  the  16th  century,  that  a 
]M  tKust  was  soitaetimes  supplied  by  flesh  taken  from  the  arm. 

Mm  Petcy,  who  might  have  had  more  opportunities  than  any  man 
ef  practising  these  animal  engraftments,  and  who  tried  them  upon 
dbf^  whdse  sores  are  so  easily  cured,  could  never  succeed.  He  has 
Ifito  members  adhere  agaiii,  or  pieces  of  flesh,  which  were  only 
attached  by  a  single  tack ;  but  this  tack  has  always  been  to  him  a 
aeecaaai^  condition.  He  does  not  pretend,  however,  that  others 
auy  not  be  more  foituniate ;  on  the  contrary^  he  requests  surgeons 
hirf  tt&j  DOttens  to  reAder  commbn  an  operation  which  sc<*n)s  at 
tax  sight  tb'  eonttadict  every  thing  that  we  know  of  the  animal 
atiooomy  in'  the  higfaef  classes  of  animals. 

SaHgtMit  hav^  long  known  that  when  the  anterior  extremity  of 
the  foot  ahme  is'  affected  with  gatigrane,  it  is  better  to  amputate  a 
part  than'  tb  cut  off*  the  whole  leg,  or  even  hs  lower  extremity ;  yet 
ihfar  opciatiott*  bi^  been  entirdy  neglected  for  many  years,  and  it  ia 
aafy  iinctf  1789  that'  Messts.  Peircy  and  Chopart  have  put  it' 
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practice,  but  upon  difTerent  bones.  There  is  some  difficall 
oLickly  finJing  tlie  lines  of  articulation  of  (he  bones,  and  " 
Riclwraud,  Diipujiren,  Rous,  and  VillermiS,  have  given  dif 
marks  to  guide  ihe  operator  in  looking  for  tliem.  M.  Lisfrai 
Martin,  in  a  memoir  read  to  the  Class,  has  pointed  out  som« 
tional  ones ;  but  lie  mentions  a  general  inconvenience  attendit 
operation,  the  drawing  back  or  forced  extension  of  the  rest  t 
foot  which  the  action  of  the  muscles  of  tiie  calf  often  occasit 
when  they  are  no  longer  counterbalanced  by  the  anterior  muscles  (^ 
the  limb;  especially  when  the  lirst  cuneiform  bone  h  not  preserved, 
into  which  tlie  most  powerful  of  these  last  muscles  is  inserted.  Tbq 
author  recommends  particularly  tiiis  point  to  the  atlentioD  of 
operators. 

M.  Levellle,  physician  in  Paris,  has  presented  some  interesting 
facts  to  the  Class  respeciing  the  diseases  whose  progress  is  stopped 
by  other  diseases,  and  which  go  on  again  when  these  last  are  cured. 
M.  Larrey,  Inspector  of  Military  Health,  has  drawn  the  atten- 
tion to  different  ideas  contained  in  a  work  which  he  puhlisLed  hi 
1812,  under  the  title  of  Memoires  de  Chirurgie  Milliaire,  &c.  Not 
being  able  to  enter  into  details,  for  which  the  public  may  have  re- 
course to  the  printed  work,  we  shall  only  mention  the  amputation  of 
the  arm  by  jis  superior  articulation,  one  of  the  principal  titles  of 
surgical  glory  of  the  autlior,  from  the  security  to  which  he  has 
brought  it,  by  means  of  a  peculiar  process,  both  simple  and  expe- 
ditious, and  almost  always  successful,  since  he  has  uniformly  saved 
90  patients  out  of  100. 

The  last  two  parts  of  the  General  Treatise  on  Poisons,  by  M, 
Orfila,  a  young  Spanish  physician,  have  been  presented  to  the  Class 
before  being  printed.  The  author  treats  in  them,  with  his  usual, 
attention  and  sagacity,  of  vegetable  and  animal  poisons,  which, 
with  M.  Foder£,  he  divides  tnto  acrid,  narcotic,  acrid  narcotic,  and 
septic.  The  iirst  produce  a  violent  inflammation ;  but  a  part  of 
them  merely  produce  a  sympathetica!  action  on  the  brain,  which  ia 
the  principal  cause  of  death.  Others,  on  the  contrary,  are  absorbed, 
and  act  directly  on  the  brain,  Opium  is  neither  a  stimulant  nor  a 
narcotic;  its  action  is  quite  peculiar  j  it  begins  by  slupifying,  and 
then  produces  acute  pain  and  horrible  convulsions.  The  author 
proves,  contrary  to  Fontana,  that  the  distilled  water  of  lauro-cerasiu 
injected  in  the  veins,  even  in  small  quantity,  is  mortal.  The 
solanums  do  little  harm  in  our  climates ;  and  It  is  probably  from 
their  having  been  confounded  with  the  belladonna  tliat  the  con- 
trary has  been  believed.  The  most  exact  experiments  have  proved 
to  the  author  that  acids,  water,  and  mucilaginous  liquids,  employed 
as  an  antidote  to  narcotics,  hasten  death  j  but  that  acidulated  water 
is  very  useful  after  the  poison  has  been  thrown  out  by  an  enoetic. 
The  infusion  of  coffee,  and  blood-letting,  are  equally  useful. 

Among  the  acrid  narcotics  are  upas,  camphor,  ether,  &c.    Cam- 
phor swallowed  or  injected  acts  upon  the  brain  and  spinal  man 
Apd  occfnioiis  immediate  asphyxia.  In  small  pieces^  it  first  ulcu 
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the  itomach^  and  occasions  a  slower  death.    The  introduction  oF  air 
into  the  lungs  is  good  against  all  the  poisons  that  occasion  asphyxia. 

He  author  terminates  his  work  by  a  description  of  all  the  soon* 
taneous  diseases  which  may  be  confounded  with  poison,  as  indiges- 
tion, cholera-morbus,  &c.  &c.  by  pointing  out  the  means  of  re- 
cognising a  poisonous  substance  introduced  into  the  intestines,  not- 
withstanding the  alterations  which  it  may  have  undergone — a  very 
important  problem  in  medical  jurisprudence,  on  the  accurate  solu- 
tion of  which  may  depend  the  lives  of  many  innocent  persons,  and 
tiie  punishment  of  many  guilty^ ;  for  miscreants  often  have  recourse 
to  this  mode  of  bringing  the  object  of  their  hatred  before  the  judge. 

Hie  author,  after  employing  three  whole  years  in  the  disagreeable 
experiments  which  form  the  basis  of  his  book,  proposes,  on  return- 
ing to  his  native  country,  to  make  similar  ones  on  the  poisonous' 
plants  of  the  south  of  Europe.  Important  results  may  be  still  ex- 
pected from  so  skilful  and  zealous  an  observer;  and  the  Class,  to 
which  he  promises  to  communicate  his  researches,  have  enrolled 
him  among  its  Correspondents. 

(7^  he  contmued,) 


Article  XII. 

SCIBNTiriC   INTELLIGBNCB;  and   NOnCBS  OF  SUBJBCTS 

CONNBCTED  WrTH  SCIBNCB. 

I.  Death  of  Mr.  Henry ^  of  Manchester.* 

*'  Died,  on  Tuesday,  June  18,  in  the  82d  year  of  his  age,  Mr. 
lliomas  Henry,  President  of  the  Literaiy  and  Philosophical  Society 
of  Manchester,  Fellow  of  the  Royal  Society  of  London,  and 
Bfember  of  several  other  learned  Societies,  both  in  this  country  and 
abroad.  '  As  a  practical  and  philosc^hjpal  chemist,  he  had  obtained 
a  Ugh  and  merited  reputation.  His  contributions  to  that  science, 
besides  a  small  volume  of  Essays,  and  his  Translations  of  the  early 
Writings  of  Lavoisier,  which  he  first  introduced  to  the  notice  of  the 
English  reader,  consist  chiefly  of  memoirs,  dispersed  through  the 
Transactions  of  the  various  Societies  to  which  he  belonged,  and 
relating  both  to  those  prts  of  chemistry  that  are  purely  scientific, 
and  to  those  which  have  a  connexion  with  the  useful  arts.  On  a 
subject  intimately  connected  with  the  success  of  the  cotton  manu- 
&cture  (the  employment  of  mordaunts  or  bases  in  dyeing),  '<  Mr. 
Henry  was  the  first,''  to  use  the  words  applied  to  h\m  by  a  subse- 
joent  author,  "  who  thought  and  wrote  philosophically.  In  the 
introdoctionj  too^  of  the  new  mode  of  bleacluAg,  which  has  worked 
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qp  entice  rcfrolutipn  \\\  th^^  art,  and  ciccasioqed  ao  incotn[ 
(jijicl^er  circul^tipp  of  capital,  he  was  oqe  uf  the  eailiest  fuc, 
si^(;psful  ngeqts,  In  addi.twn  Tp  the  act^uiremetitG  cunnecteii 
bis  prpfcEeion,  tie  baa  cultivated,  to  iio  incgusiderablc  a  degree^ 
taste  fpr  tbe  productions  of  the  Fine  Art; ;  he  had  ubtaiucd  a  knaWr 
feflge  of  historical  eyepts  reinarkable  fur  its  extent  and  accursCT  j 
q^q  he  had  defivedj  irotp  read>Dg  and  reflcftipa,  opiiiious  to  wl)i^ 
iif,  v^a&  steadily  attached,  on  tbo^e  topics  ol'  political,  mura^  an4 
i^igioi^  in(fi(iry,  wbicb  are  most  impprla^t  to  tbe  welfare  9!  niaar 
*yid.  Fur  several  yejtrs  past  lie  had  retired  from  llie  practice  of 
ni^diuine,  iu  wbicli  he  had  heco  ex(enBively  engaged,  with  credit 
aq(i  swce^Si  for  moR!  than  half  a  century;  ((nd,  from  (l^liefte 
H?aUW  Ite  had  long  c^'A^ed  10  ta((e  an  activ«  siiafe  in  tbe  practical 
tuUi^'fttipo  pf  science.  But  possessing,  almot.t  unimpaired,  luif 
fapuities^of  memory  and  jndgmeni,  h«  cwtinued  to  feel  ^  lively 
ipterest  ie  tht  itdvaQGetnent  of  liieialur^andpb.iLi'sophy.  Keta'tun^ 
aifio,  ill  iheir  full  vigour,  tlvise  kiad.  alfectiups  ot  the  be^rt  tbat 
gave  liirth  to  the  most  estimable  mural  q^aliiies,  and  scmred  it? 
faithful  aitachmetit  of  bis  friends,  he  passed  tlirougb  a  long  and 
serene  old  age,  experiencing  tittle  but  lis  comforts  and  its  honoun, 
and  habitually  thankful  for  the  bles^ngs  with  which  Providence  bad 
indulged  him." 

II.  Showers  tif  Fish, 

In  Prince  of  Wales's  IsIbiuI,  in  tbe  S^et  Indies,  tbe  inhabitants 
usually  collect  the  rain-water  in  tanks  placed  upon  tbe  tops  of  theii 
bouses.  Frequently  these  tanks  are  completely  dry  for  w<>ek!(  t(^- 
tlicr.  When  ibe  rainy  season  comes,  they  are  speedily  filled  with 
natcr.  Small  fishes  are  found  swimming  about  in  this  water,  which 
gradually  increase,  aud  acquire  the  length  of  several  inches  -I 
have  been  told  that  tbe  s^me  thing  happens  in  Bengal.  These  fishes 
must  come  down  with  the  rain.  It  is  k  matter  of  some  curiosity  to 
be  able  lo  explain  the  source  from,  which  these  animals  are  derived. 
I^rhaps  some  of  my  readers  may  be  able  to  inform  the  public  wbat 
ttte  name  of  this  lish  is,  and  to  what  species  it  belongs,  and  whethec 
it  be  a  salt  or  fresh-water  fish.  My  information  wasobiained  (rom 
an  Kast  India  Captain,  who  assured  me  he  bad  seen  tbe  lishes  frft- 
quentiy,  though  he  was  ignorant  of  their  name,  and  could  not  de- 
scribe ^eii  appeaiaoce  with  sufficieat  precisioD  to  enable  us.  to  m^ 
oiU  the  species. 

III.  hiseci  which  appears  in  Brine. 
Connected  with  the  preceding  curious  phenomenon  is  one  which 
I  have  myself  witnessed,  and  which  is  no  doubt  known  to  many  oi 
my  readers.  In  the  Isle  of  Wight,  a  few  miles  east  from  Ityde, 
thf  re  is  a  place  where  common  salt  is  made  from  sea  water.  The 
sea  water  is  let  into  a  kind  of  shallow  and  wide  pit,  where  it  is 
gradually  eoncentralcd  by  spontaneous  evaporation.  It  is  then  boiled 
down  in  the  usual  wa)')  aad  the  salt  e&tractcd  from  it,    I  saw  the 
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water  in  the  pit  In  a  coDcentrated  state.  It  was  full  of  a  small 
insect  that  was  swimming  about  in  it  very  briskly.  On  questioning 
the  workmen  about  this  insect,  I  was  told  by  them  that  it  never 
aoade  its  appearance  till  the  brine  had  become  of  a  certain  strength, 
and  that  it  was  most  abundant  of  all  when  it  liad  acquired  its 
greatest  degree  of  concentration.  I  conceive  that  this  is  the  cancer 
salinus  of  linnscus^  of  which  there  is  a  figure  and  an  account  by 
Mr.  Rackett,  in  the  Transactions  of  the  Linnsean  Society^  vol.  xU 
p.  205. 

IV.  Combinations  of  Oxygen  and  Axote. 

Gay-Lussac  has  lately  read  a  paper  to  the  Academy  of  Sciencea 
the  object  of  which  was  to  describe  the  properties  of  nitrous  acidp 
which  he  has  first  succeeded  in  obtaining  in  a  separate  state.  He 
fimnd  his  new  acid  to  be  composed  of  100  oxygen  gas  -f  400 
liitrous  gas.  Nitrous  vapour  is  formed  of  100  oxygen  gas  +  200 
Bitfous  gas,  and  nitric  acid  of  100  oxygen  gas  +  133  nitrous 
gis.  Tlie  new  acid  can  be  obtained  only  in  combination  with  a 
base,  an  acid,  or  with  water.  It  is  resolved  into  nitrous  vaponr 
and  nitrous  gas  whenever  we  attempt  to  obtain  it  in  a  separate 
state.  We  obtain  it  in  combination  with  water  by  decomposing  the 
nitrate  of  lead  by  heat,  and  condensing  the  gaseous  products  by 
means  of  ice,  or  a  mixture  of  ice  and  salt ;  for  it  is  very  volatile. 
Water  alone  added  to  this  combination  is  sufficient  to  decompose  it, 
and  to  disengage  a  great  quantity  of  nitrous  gas.  Nitrous  vapour, 
OB  the  contrary,  exists  only  in  a  separate  state,  or  at  least  is  decom- 
posed with  extreme  facility,  when  torabined  with  an  alkali,  sul* 
phorie  acid,  or  even  with  water.  When  absorbed  by  potash,  it 
produces  nitric  acid  and  the  new  add. 

G^^Lussac  has  shown  that  nooxynitricacid  exists,  and  that  100 
exygen  gas  and  133  nitrous  gas  ibrm  colourless  nitric  acid.  For 
ibat  purpose  he  enrployed  the  solution  of  red  sulphate  of  manganese, 
irhicli  is-  instantly  discoloured  by  all  the  Ditrous  acids,  bat  n6t  by 
nitrieacid. 

The  five  combinations  of  azote  and  oxygen  may,  therefore,  be 
ipqoeaented  as  in  the  following  table : — 

Volumes.  Aioms. 


Azote.     Oxygen.  Az.     Ory 

Oxide  of  azote    ..«.  100  +     50  1  +  1 

Nitrous  gas 100+100 1  +  2 

Nitrousaeid    100  +   150  ......  1  +  3 

Nitrous  vapour  ....  100  +  200 1  +  4 


apour  • . . . 
id 


Nitrieacid 100  +  250 1   +  5 

The  novelty  of  this  memoir  connsts  in  the  description  of  the 
properties  of  nitrous  acid.    Whoever  vnW  take  the  trouble  to  read 
whtt  I  have  written  about  nitrous  acid  will  find  that  I  was  all  aloi 
ftware  of  the  diffsrsnce  between  it  and  luttous  vapour.    In  my  lp 


I 


I 


I 


ScleTitific  Intelligence. 
of  ihe  weight  of  atoms  {Annals  of  Philosophy,  vol.  iii.  p. 
have  given  the  very  same  composition  of  the  different  combin 
of  azoie  and  oxygen  as  in  llie  above  table,  omitting  only  nH 
vapour,  w)iicli  1  think  should  rather  be  considered  as  a  compi 
of  nitric  acid  and  nitrous  gas  than  of  azote  and  oxygen.  Didij 
stated  long  wgo  that  100  oxygen  combine  with  180  nitrous  ga>, ' 
witii  360.  I  had  corrected  these  experiments  from  the  doctrine  i 
volumes,  and  hud  concluded  thai  the  correct  quantities  were  100 
oxygen  +  '200  nitrous  gas,  or  400  nitrous  gas,  which  are  precisely 
the  numbers  given  by  Gay-Lussac. 

V.  Account  oj  an  extraordinary  Explosion  on  Board  a  Ship  laden 

with  Coals,  By  Mr.Pemherton. 
.  An  extraordinary  occurrence  lately  happened  to  a  brigantine  lying 
in  the  Imihour  of  Sunderland,  in  the  county  of  Durham.  She 
began  to  take  in  a  lading  of  coals  at  six  o'clock  of  the  morning 9C 
Tuesday,  the  13th  of  this  month,  and  completed  it  about  six  in',tb« 
evening  of  the  same  day ;  when  the  main  hatchway  was  battened 
r  down,  and  covered  with  a  tarpaulin,  and  the  others  also  closed  up. 
The  ship  was  laden  with  Neshatn's  Main  coal,  and  carries  about 
175  I^ndon  chiildroiis.  Nobody  was  on  board  from  that  time  till 
Dear  midnight,  whi;n  two  of  the  apprentices  came  to  sleep  there. 
One  of  them,  George  Watson,  aged  15,  got  to  bed  in  the  half 
deck,  laying  liis  cIoiIks  on  the  floor  utidcr  his  hammock,  as  be  said. 
In  the  left  pocket  of  his  naislcoai  he  admitted  there  was  some  gun- 
powder, the  contents  of  a  musket  cartridge  that  had  heen  given 
him.  But  the  masier  of  the  ship  said  this  boy  is  addicted  to  lying; 
so  his  testimony  most  he  received  with  caution.  The  other  b^, 
Jame9  Norton,  about  19  years  old,  struck  a  light  for  some  purpose 
before  he  went  to  bed;,  and  0{i  going  to  light  a  lamp  in  the  half 
deck  with  the  kindled  mulch,  he  observed  the  flame  of  the  match 
to  turn  liluish,  and  he  thought  a  spark  fell  from  it,  which  raised  an 
Explosion  in  the  half  deck,  that  drove  him  violently  against  its 
hatch  t^r  cover.  At  the  same  time  an  explosion  happened  at  the 
cable  si'jge,  28  feel  distant  from  the  half  deck,  where  the  boys  were 
driven  oft  ihe  hatch,  and  burst  into  a  large  blaze  eight  or  nine  feet 
high,  thai  ran  up  the  fore-mast  to  a  great  height.  This  hatch  was 
also  fa-iciied  down,  but  iias  two  holes  in  it  big  enough  to  let  the 
cable  ran  through. 

This  is  the  subaisHceof  the  information  given  by  the  two  Appren- 
tices on  board,  aiid-by  two  others  who  were  on  the  quay  near  the 
ship  at  the  timC)  and  saw*  the  explosion  at  the  cable  hatchway. 
Another  magfciwte^od  fnyself  exitmined  them,  and  saw  n'o  reason" 
to  doubt  the  (general  -cdrrectness  of  their  report.  There  was  no 
possibility  of  a  train  of  gunpowder  being  laid  under  the  ship's  deck 
frefmonb  batchWiiy  to  tht  other;  for  she  was  full  of  coals  up  to  the 
fleck.  Whether  George 'Wiitsqn  had  scattered  any  of  the  powder 
Vhich  he  had  on  the'  half'de'ck  beneath  thtf  lamp,  soas  to  be  kindled 
by'  the  spark  that  fell,  is  uncertain ;  but  the  little  quantity  be  had 
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vasMne^  without  any  apparent  damage  to  the  poeket,  orwaistcoaty 
or  bis  other  clothes  ;  aiig  it  seems  doubtful  whether  the  csplosion 
ekcited  there,  by  which  Norton  was  driven  violently  against  the  half 
deck  batch,  can  lie  wholly  ascribed  to  so  small  a  quantity  of  powder. 
Watson,  who  was  in  his  hummock,  only  three  or  four  feet  off,  on 
seeing  the  flame,  covered  himself  over  with  his  blanket,  and  suffered 
DO  harm.  Nor  is  it  at  all  probable,  or  even  credible,  that  the 
howder,  supposing  it  to  have  been  ignited,  should  extend  its  effect 
nir  28  feet  along  the  surface  of  the  coals,  to  the  cable  stage,  and  do 
so  much  misc'liiof  there;  for  not  only  did  the  surface  of  the  coals 
in  the  hold  appear  sooty,  as  if  they  had  been  exposed  to  a  flame,  but 
some  pieces  appeared  a  little  charred.  Two  deck  beams  at  or  near 
the  cable  stage  were  quite  broken,  and  another  much  damaged  ; 
many  knees  were  split,  and  many  boards  of  the  deck  there  blown  up 
and  broken,  and  the  hatch  forced  open.  A  cable  was  damaged  by 
'Ae  fire,  the  windlass  was  shattered,  and  some  of  the  fore-shrouds 
soOTched. 

It  appears,  therefore,  that  the  explosion  was  much  stronger  at 
the  cable  stage  than  where  it  began.  But  as  this  is  not  the  ordinary 
eflfect  of  gunpowder,  especially  in  so  small  a  quantity,  I  am  led  to 
suspect  that  another  powerful  agent  was  concerned  in  producing  it: 
I  mean  carbureted  hydrogen  gas;  for  I  conceive  it  very  possible  that 
a  eargo  of  coals  in  a  ship,  whose  hatchways  are  all  closed,  may^ 
under  certain  circumstances,  generate  a  quantity  of  carbureted 
Indragen  gas ;  and  that  this  gas  may  be  accumulated  in  a  period  of 
close  confinement  so  as  to  attain  the  inflammable  point;  and  when 
tbtt  happens,  it  follows  of  course  that  a  burning  match  or  flaming 
gunpowder  may  kindle  the  gas.    This  theory  enables  us  to  account 
for  the  blueness  of  the  flame  of  the  match  employed  to  light  the 
lamp/  this  colour  of  the  flame  being  always  considered  by  pitmen 
as  a  sign  of  hydrogen  gas,  or  fire-damp,  as  they  cfill  it.    And  it  is 
remarkable  XhxX  Norton  did  not  notice  this  colour  of  the  flame  where 
he  lighted  the  match,  on  a  box  standing  at  the  bottom  of  the  half 
deck,  but  only  when  he  brought  it  near  the  lamp  at  the  upper  part 
of  it,  where  the  hydrogen  gas  would  be  collected,  on  account  of  its 
specific  levity.    Suppose,  then,  the  match  to  have  kindled  the  car- 
bureted hydrogen  gas  at  the  upper  part  of  the  half  deck  of  the  ship^ 
the  first  eflfect  would  be  an  explosion  there,  which  might  drive 
Norton  strongly  against  the  hatch,  so  as  to  force  it  quite  off  its 
place.     And  this  happened  accordingly.    But  as  the  hydrogen  gas 
takes  the  uppermost  region  it  can  find,  it  would  be  found  between 
the  coals  and  the  deck ;  and  being  kindled  at  the  explosion  in  the 
^rter  deck,  would  instantly  spread  over  the  coals,  scorching  them  as 
it  passed^  till  it  came  to  the  cable  stage,  when  its  force  had  become 
80  great  that  it  heated  and  scorched  parts  of  the  cable  there,  broke 
beams  and  boards,  burst  open  the  hatch,  and  did  the  other  damage 
dready  described.    It  seems  to  have  passed  under  the  main  hatch 
without  hurting  it,  because  it  was  strongly  secured,  and  the  burning 
gas  found  ready  vent  further  along.    When  it  reached  the  cable 
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ata^t  it  probably  became  more  violent,  from  aa  accession  c 
and  a  cominuniciiuon  with  the  atmosphere,  so  as  to  produce  the 
luminous  explosion.     Not  having  gunpowder  enough  lo  accouut  for   ] 
tlie  pljenomena  that  occurred,  1  have  hazarded  this  novel  opinion 
with  much  diffidence,  but  with  the  concurrence  of  the  Genilemaii 
who  favoured  ine  with  bis  assistance  in  examining  the  appreotices^    ' 
and  agreed  with  me  io  his  judgment  of  the  case.  ! 

It  is  said  thiit  some  flashes  of  lightning  were  seen  that  ni^ht  ia 
tJiia  neiglihoui'houd,  without  thuiidcr;  but  the  apprentices  had  not 
fifaserveJ  it,  and  two  or  three  other  persons,  wiio  suppose.!  tliey  had  , 
seefi  lightning  Hhout  the  time  the  explosion  happened,  were  after- 
wards  convinced  ihat  tiicy  hnd  mistaken  for  it  the  light  caui^ed  by 
the  fire  in  the  ship.  They  heard  no  thunder.  Besides,  it  does  not 
Appear  tliat  tlie  ordinary  effects  of  lightning  on  a  ship  agree  witlitbe 
phenomena  that  occurred  on  this  occasion. 

I  have  since  hoard  that  many  years  ago  a  ship  laden  with  coa^ 
from  Sunderliind  took  fire,  and  was  burnt  at  Portsmouth  or  Ply- 
Qiouth  ;  and  that  the  damage  was  commonly  supposed  to  have  Mtea 
caused  by  the  sulphur  of  the  coal  taking  fire,  as  had  been  often 
noticed  in  the  heaps  of  waste  round  coal-pits.  The  produciioa  and 
nature  of  carbureted  hydrogen  gas  were  then  little  known,  but  it 
probably  was  the  cause  of  ^is  ship  being  burnt. 

4tMAap  Wtarnioutk,  June  SI,  ISIG.  H.   PkuBSRTON* 

V!.  Curious  Galvanic  Expmmmis.    By  Mr,  Porrett. 

(To  Dr.  Tbouiwii.) 
DEAR  SIR,  Toicir,  Jane  6,  1S10. 

The  conversation  which  look  place  at  your  house  the  other  evcoi 
!ng  OQ  the  subject  of  voltaic  arrangements,  brought  to  my  recollec- 
tion two  experiments  that  1  made  about  18  months  since,  wtucU 
appear  to  me  tojbe  interesting,  the  second  one  especially.  1  di(l 
Dol  then  publish  them,  conceiving  that  at  some  future  time,  when 
leisure  and  inclination  should  coincide,  I  might  follow  up  with  sonie 
advantage  the  new  facts  whicli  these  elementary  experiments  di»> 
closed  J  hut  as  it  continues  to  he  very  uncertain  when  this  coiact- 
deuce  will  take  place,  aod  still  more  so  whether  1  should  be  able  to 
do  any  thing  like  justice  to  the  subject,  [  will  no  longer  be  induced 
to  delay  giving  the  ioformatioo  which  is  now  iu  my  power,  by  th« 
bope  (probably  fallacious)  of  hereafter  making  it  more  complete. 
The  experiments  are,  therefore,  quite  at  your  service  for  publican 
tiijn,  in  case  you  tbiok  proper  to  Lonoiu  them  with  a  place  in  your 
^nals.     They  are  as  follow  '.~- 

Exper.  i. — A  small  battery  of  50  pairs,  of  1-J-  inch  double  plateSf 
nrss  put  into  action  by  diluted  muriatic  acid.  The  wires  from  it$ 
two  extremities  were  immersed  in  water,  the  decomposition  of 
which  of  course  took  place  rapidly.  The  battery  was  left  thus  dis- 
posed until  its  action  on  the  water  had  nearly  ceased  to  be  visible. 
At  this  period  the  greater  part  of  the  liquid  contained  in  the  cells 
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tg  ^  QTpg^aid  quantity  being  left,  llie  effect  of  this  abstractioB 
1191 4  fen^wal  of  the  mpid  decomposing  action  on  the  water,  which 
^  (ttttery  exercised  at  the  oommencement  of  the  experiment.  I 
sp^rt^ineo  that  this  extraordinary  effect  was  not  occasioned  by  the 
iopreqsed  di^tanoe  between  the  surfaces  of  the  liquid  in  the  cells^  fagr 
oonstnictiDg  a  battery  with  very  deep  cells,  from  which  I  could 
withdraw  as  much  liquid  as  before,  but  without  uncovering  the 
pl^teSf  an  operation  which  I  found  to  be  quite  inefficacious.  It 
i|qpeav8  to  me,  therefore,  that  the  explanation  of  this  foct  Ikiust  be 
Wght  for  in  the  action  of  the  atmosphere  upon  the  humid  surGsicei 
tf  the  metallic  plates. 

.  Eixper.  2.— I  took  an  ounce  medicine  phial,  and  with  a  red-hot 
ipd  of  iron  cut  it  in  a  horizontal  direction,  so  as  to  form  the  lower 
pait  into  a  small  jan    I  threw  away  the  upper  part,  and  divided  the 
nnali  jar  into  two  equal  parts  in  the  direction  of  its  length,  so  as  to 
onke  a  vertical  section  of  it.    The  two  halves  of  the  jar  were  the^ 
prpised  together  in  their  original  position,  having  first  interposed  « 
piece  of  moistened  bladder.    All  the  parts  of  the  bladder  which 
pvQtnided  beyond  the  outside  of  the  jar  were  then  cut  away ;  and 
when  this  was  completed,  melted  sealing-wax  was  run  down  the 
outer  edge  of  the  bladder,  and  thus  the  two  halves  of  the  j^l  "^ 
vensel  were  firmly  united.    By  this  means  the  inside  of  the  ^  v' 
JV  w^  divided  into  two  cells^  by  the  bladder  interposed  bet ' 
them.  ^. 

Que  of  these  celk  having  been  filled  with  water,  and  left  !!^ 
a^enU  hours,  was  found  to  have  retained  the  water.  The  blad»y 
tfae^efore,  was  not  sufficiently  porous  to  allow  the  water  to  filtiuk 
tbough  it.  The  cell  filled  with  water  was  now  positively  electrified^' 
with  a  buttery  of  80  pairs  of  1-j-  inch  double  plates,  and  a  few  drops 
of  wnter  were  put  into  the  empty  cell,  so  as  to  cover  the  bottom  of 
it,  This  small  quantity  of  water  was  then  negaihrely  electrified. 
The  phenomena  which  ensued  were  exceedingly  curious  and  in- 
sttvGlive.  Independent  of  the  decomposition  of  a  small  part  of  the 
wiuker,  which  of  course  took  place  in  the  usual  manner,  the  principal 
pvt  of  it  obeyed  the  impulse  of  the  voltaic  currtntfrom  the  positive 
to  the  negative  wire^  first  overcoming  the  resistance  occasioned  by 
tiie  compact  texture  of  the  bladder,  so  as  in  about  half  an  hour  to 
have  brought  the  water  in  both  cells  to  the  same  level,  and  after- 
wards overcoming  the  additional  resistance  occasioned  bv  the  gravi- 
tation of  the  water,  by  continuing  to  convey  that  fluid  into  the 
negative  cell,  until  its  surface  in  that  cell  was  upwards  of  ^  of  an 
incb  higher  than  in  the  positive  cell.  A  much  greater  ditference  of 
level  might  doubtless  be  obtained  by  operating  with  a  larger  appa- 
ratus, and  for  a  longer  time ;  but  the  results  are  perfectly  conclusive 
wban  the  experi^nent  is  performed  on  the  small  scale  in  which  I 

^  I  have  repeated  the  above  experiment  several  times,  and  inva- 
riably foyind  th$  liquijdy  whatever  it  was^  desgeod  on  the  side  pgsi- 
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tively  electrified,  and  ascend  on  that  negatively  electrified, 
cliangts  at  the  same  time  going  on,  as  in  the  celebrated 
experiments  of  Sir  H.  Davy;  but  tljme  experiments  could  i 
themechanienl  action  ot'  tlie  voltaic  current,  consequently  only 
chemical  action  was  observed  in  ihem.  To  render  tlie  mechanical 
action  evidunF,  it  h  an  indispensable  condition  that  there  should  be*  i 
interposed  between  the  positively  and  negatively  electrified  liquids  s'l 
body  which,  alihougli  poious,  is  yet  sufficiently  coinjiaci  to  prevent 
filtration  taking  place  iu  common  circumstances.  Bladder  a ns wen 
this  condition.  I  do  not  think,  however,  that  it  does  so  as  well  n 
filtering  paper  that  lias  been  prepared  in  the  following  manner,  sug' 
gested  to  nie  by  my  very  ingenious  friend  Mr.  Wilson,  of  Gu^i 
Hospital : — Spread  the  white  of  an  egg  thinly  upon  filtering  pnperj' 
then  immerse  the  paper  iiito  boiling  water,  so  as  to  coagulate  the 
albumen;  it  is  then  well  adapted  for  these  experiments.  Thick 
paper  of  a  very  compact  texture  would  probably  do  without  thia 
preparation  ;  but  1  cannot  slate  this  positively,  not  having  tried  if. 
I  think  that  by  the  above  experiment  1  have  demonstrated  the 
existence  of  a  power  not  before  noticed  in  the  voltaic  current, 
namely,  that  of  conveying  fluids  through  minute  pores  not  oiherwiM 
Wrious  to  them,  and  of  overcoming  the  force  of  gravity. 
P*^  .not  this  electro-filtration,  jointly  with  electro-chemical  action, 
.  4M«^stant  operation  in  the  minute  vessels  and  pores  of  the  animal 

wish  that  some  person  well  vetsed  in  the  sciences  of  anatomy, 
inistry,  and  electricity,  would  answer  this  question.  I  am  not 
^oaliSed  to  attempt  its  solution,  being  a  stranger  to  the  first  men- 
cioned  science,  and  possessing  but  a  moderate  knowledge  of  the 
other  two;  and  it  appears  to  me  that  only  a  proficient  in  all  should 
venture  to  propose  any  new  physiological  opinions,  but  1  cannot' 
help  thinking  that  an  aflirmative  answer  to  the  above  question  is 
capable  of  a  good  defence. 

To  those  ivho  may  be  inclined  to  repeat  the  preceding  experi- 
ment, it  may  be  useful  to  mention  that  by  letting  tall  from  a  drop- 
[Mngr  tube  a  little  sulphuric  acid  into  the  cells  of  the  battery  occa- 
sionally, its  action  is  prolonged,  without  the  trouble  of  renewing 
the  liquid  in  the  cells,  or  the  inconvenience  of  disturbing  the  whole 
arrangement,  the  partial  action  of  this  dense  acid  on  the  plates  is 
prevented  by  stirring  the  liquid  afterwards  with  a  Httle  stick. 
I  remain,  with  much  respect,  dear  Sir, 

Yours  very  truly, 

R.  PoaRBTT,  jun. 

VII.  Frixe  proposed  hy  the  Roijal  Medical  Society  of  Edinhurgk, 
*•  What  arc  the  chemical  changes  produced  in  the  air  by  the 

growth  of  plants;  and  do  they  on  ilie  whole  purify  or  deteriorate  the 

atmosphere  f" 

A  set  of  books,  or  a  medal  of  five  guineas  value,  shall  be  given 
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mmaUy  ta  the  author  of  the  best  dissertatioo  on  an  experimental 
frigect  profiofied  by  the  Society ;  for  which  all  the  members,  bono- 
nn^ extraordinary,  and  ordinary,  ^hall  alone  be  invited  as  candidates. 
.  Ilie  dissertations  are  to  be  written  in  English,  French,  or  Latin^ 
and  to  be  delivered  to  the  Secretary  on  or  before  Dec.  1,  of  the 
Hpceediogyear  to  that  in  which  the  subjects  are  proposed  ;  and  the 
id§iidication  of  the  prize  shall  take  place  in  the  last  week  of 
Eebmaiy  folld«^ing. 

To  each  dissertation  shall  be  prefixed  a  iQptto.;  and  this  motto  is 
to  be  written  on  the  outside  of  a  sealed  packet,  containing  the  name 
lod  address  of  the  author.  No  dissertation  will  be  received  with 
the  author's  name  affixed  ;  and  all  dissertations,  except  the  success- 
.fal  one,  will  be  returned,  if  desired,  with  the  sealed  packet  un- 
opened. 

VIII.  Modyication  of  the  Lirmcean  Arrangement  of  Plants* 

Mr,  Clairville,  the  author  of  L'Entomologie  Helvetique,*  pub- 
lished in  1811  a  small  botanical  work,  entitled  Manuel  d'Herbori- 
ation  en  Suisse  et  en  Valais,  redig^  selon  le  Systeme  de  Linn^. 
Coirige  par  ses  propres  Principes.  In  the  preface  he  says  he  means 
this  work  for  amateur  botanists  during  their  travels  among  the  Alps, 
tod  wishing  to  make  it  as  short  as  possible,  has  endeavoured  to  fix 
00  the  essential  distinctive  character  of  each  genus  and  species. 

Admiring  the  Linnaean  System  as  an  artificial  one,  and  thinking 
that  some  of  its  anomalies  might  be  removed  by  more  strictly 
ttteoding  to  the  principles  laid  down  in  the  Pbilosophia  Botannica, 
he  set  himself  to  seek  for  the  cause  of  its  defects.  He  thinks  he 
has  discovered  it,  in  a  great  measure,  to  be  owing  to  the  manner  in 
which  Linnseus  has  treated  the  defective  flowers ;  for  example,  the 
Dot  counting  the  imperfect  stamina  and  abortive  germina.  He 
coQsiders  it  as  a  certain  mode  of  finding  the  true  number  of  stamina 
to  observe  that  it  generally  answers  to  the  number  of  petals,  or  of 
£mioo8  in  a  monopetalous  corolla,  or  to  their  double.  The  adop- 
tion of  this  rule  does  away  with  the  class  Polvgamia. 

The  classes  Monadelphia,  Diadelphia,  and  Polyadelphia,  are  also 
toe  away  with,  because  he  does  not  think  the  circumstance  of  the 
nion  of  the  filaments  a  good  character,  as  several  plants  that  are 
in  that  respect  really  monadelphous  are  nevertheless  left  in  the 
other  classes :  the  papilionaceous  plants  are  therefore  made  a  subdl- 
yision  of  the  Decandria  Monogynia. 

He  has  united  the  classes  Monoecia  and  Dioecia  into  one  under 
thenameofHetuothalmia,  which  he  has  subdivided  into,  1.  Flowers 
nlitary.  2.  Flowers  andiogynous,  assembled  in  a  common  en- 
Tdope:  and,  3,  Fk>wers  in  catkins. 

He  has  altered  the  name  of  the  class  Syngenesia  to  that  of  Solen- 
mdici  (anthers  forming  a  tube),  and,  consistently  with  his  principle 
tf  excluding  defects  from  being  essential  characters,  has  changed 

«  Of  which  we  shall  shortly  giv«  ao  analysis. 
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the  orders,  and  divided  llie  clasi  ipto,  li  FlowPfs  congMpatt,  ' 
former  subdivided  into  the  semiflosculous,  tlic  discoid,  and  the  ct, 
late :  and,  1.  Fiowera  segregate.  The  other  classes  remitin  t 
unie.  In  the  arrangement  of  the  genera  of  each  class  there  isi 
pears  some  improvement,  for  instance,  in  thai  of  Penta^dnf 
Dlgynia,  the  umbelliferous  plants  arc  placed  according  l«  ihe 
semblance  of  ihelr  fruits,  and,  in  general,  pains  appear  to  have  b 
taken  to  keep  Jussieu's  natural  families  oi  plants  as  much  togetbd 
as  was  consistent  wiili  (he  Linnffian  system. 

Upon  the  whole,  the  work  appears  to  be  very  much  what  tb#  J 
author  described  it  in  lits  pretitce.  It  is  certainly  not  calculated  fi)(  1 
qaite  a  beginner,  as  there  are  no  entire  descriptions  of  each  genudf  I 
but  only  their  essential  characters.  It  is  to  be  wished  that  the  autlurf  i 
had  entered  more  at  large  on  the  system  founded  on  the  anthers,  4  I 
which  he  gives  a  slight  iadicaiion,  as  he  truly  observes,  "  qu'oa  at  \ 
pent  observer  la  nature  sous  trop  de  {xiints  de  vue,  et  c'est  toujoun  1 
g^ner  beaucoup  que  d'easiusii  ua  nouveau." 


I 
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Scientific  Books  in  hand,  or  in  lite  Press. 

The  first  number  of  a  work  entitled,  Strata  identified  by  organized'! 
FtKeils,  containing  Prints,  on  co/oured  Paper,  o!  tlie  most  cbaract^  J 
istic  Specimiins  in  each  Stratum,  by  Mr.  William  Smitli,  Mineral  Sur^ 
veyor,  and  Author  of  Maps  of  the  Strata  of  England  and  Wales,  ' 
just  made  its  appearance.     The  Plates  are  engraved  by  Sowerby,  i 
references  are  made  to  his  work  oa  British  Mineralogy,  and  the  Mine-  I 
ral  Conchology  of  Great  Britain. 

Mr.  Sowerby,  having  concluded  the  work  on  English  Botany,  in  i 

whicft  he  has  been  so  long  engaged,  is  now  continuing  his  British  ' 

Mineralogy,  with  the  intention  of  completing  it  in  three  or  four  more  ;.-  ' 
numbere,  with  copious  Indexes.  He  hopes  his  friends  wilt  assist  him  '<:?  ' 
to  make  it  as  complete  as  possible.  ;  "^ 

Mr.  Wm.  PhiDips  will  publish,  early  in  July,  a  new  edition  of  hii  i^*j 
Otttlmcs  of  Mineralogy  and  Geology,  Revised  and  Improved,  To  this  -g.M 
edition  will  be  added  eorae  Account  of  the  Geology  of  England  and  t^J^ 
Wales,  together  with  a  Coloured  Map  and  Section  of  the  Strata,  which  ii* '  • 
is  intended  also  to  be  published  SL-parately,  for  the  use  of  the  pur-  \g  9 
chasers  of  the  first  edilJOD.  Trf 

The  Third  Volume  of  the  Transactions  of  the  Geological  Snciety  i",',^ 
wQl  be  published  about  the  middle  of  July.  It  wdl  be  illustrated  by  a  ]^^ 
ftfrge  number  of  highly  finished  Plares,  chiefly  Coloured.  ^  J 

Mr.  George  Kerr,  of  Aberdeen,  is  about  to  publish  Observations  on  ' 

the  Uarveian  Doctrine  of  the  Circulation  of  the  Blood. 

Mr,  Berry,  author  of  a  Hfetory  of  Guernsey,  has  in  tlie  Press  a        ' — ^ 
■tries  of  Tables,  entitled  the  Genealogical  Mythology,  intended  as  I 
BmA  of  Kefereuce  for  Classical  Students. 

-.  Holmes's  work  on  the  Coal  Mines  is  nearly  ready  for  publi- 
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fifth  Month. — 19.  Hoar  frost :  a  fine  day.  20.  Clear  xnarxim§, 
523.  a.  m.  Cloudy :  much  wind  at  N.  24.  Mbty :  small  rain  tf 
intervals.  The  hygrometer,  these  two  days,  noted  at  seven,  a.  m, 
25.  a.  m.  Overcast :  wind  at  S.  W. :  rain,  evening  and  n^t. 
26:  Cumulus  cloud  by  day :  Cirrostratus  at  evening.  T^e  hygnr* 
meter  noted  at  half  post  six,  a.  ro.  27*  A  wet  morning,  sjucee^" 
by  close  Cumulostratus  through  the  day.  28 — 3),  k^hiiiveV  F4Bt 
days. 

Sixth  Month* — 2.  A  fine  breeze :  large  Cirri  and  •  Oumifi»  ^  ] 
3.  CirrostraLus  prevails,  with  a  cooler  atmosphere.  .  5,  6.  Show^  ^^ 
7-^10.  Rain.  12.  The  hygr.  receded  to  30^ :  Cumulus  prevaild,  j 
anji  was  succeeded  by  Cirrus  in  the  evening.  13.  This  afternooQ  ^ 
th0rewis  a  fine,  but  transient,  display  of  drrocumulus.  -In  the  ; 
N*  and  N.  W.  there  was  an  obscurity,  mixed  with  rudimients  of  ^ 
Nmbi.  14.  After  a  warm,  still  night,  a  cold  blowing  day,  wrth  :^ 
SQiall  rain  at  intervals.  15.  Overcast,  with  Cumulostratus:  codk  ^ 
breeze:  in  the  evenings  Cirrostratus.  16.  A  fine  day :  'the sir  ] 
beiomes  calmer* 


RESULTS. 

Winds  rather  variable,  but  for  the  most  part  Northerly..  ' 

Barometer:  Greatest  height 30*12  inchet 

Least 29*15 

Mean  of  the  period  • .  •  •  29*850 

Thermometer:  Greatest  height 7^^ 

Least 35 

Mean  of  the  period  •  •  •  •  54*15 

Mean  of  the  hygrometer  (for  20  days),  52^        Rain^  1*26  inch. 

•  ^ 

The  character  of  this  period  has  been,  on  the  whole,  uHgenial  | 
though  not  one  frosty  night  has  occurred,  yet  cloudy  weather,  with^ 
bli^ting  winds,  mostly  predominated ;  and  the  mean  temperature 
turns  out  nearly  5®  lower  than  that  of  the  corresponding  portion  <tf 
1815. 

Tottenham,  L.  HOWARD,!^ 

Sixth  Month,  17/1816. 
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Article  L 


J  imaphical  Account  of  Dr.  Benjamin  Rushy  of  Philadelphia. 
By  David  Hosack,  M.D.  F.R.S.  F.L.S.  Professor  pf  the 
Theory  and  Practice  of  Physic  and  Clinical  Medicine  in  the 
University  of  the  State  of  New  York.*   • 

Dr.  rush  was  born  Dec.  24,  1745,  on  his  father's  estate, 
about  12  miles  from  the  city  of  Philadelphia.  His  ancestors  fol- 
lowed William  Penn  from  England  to  Pennsylvania,  in  the  year 
1683.  They  chiefly  belonged  to  the  society  of  Quakers,  and  were 
all,  as  well  as  his  parents,  distinguished  for  the  industry,  the  virtue, 
and  the  piety,  characteristic  of  their  sect.  His  grandfather,  James 
Kush,  whose  occupation  was  that  of  a  gunsmith,  resided  on  his 
estate  near  Philadelphia,  and  died  in  the  year  1727*  His  son  John, 
the  father  of  Dr.  Riish,  inherited  both  his  trade  and  his  farm,  and 
was  equally  dbtinguished  for  his  industry  and  ingenuity.  He  died 
while  his  son  Benjamin  was  yet  young,  but  left  him  to  the  care  of 
an  excellent  and  pious  mother,  who  took  an  active  interest  in  his 
education  and  welfare.  In  a  letter  which  I  had  the  pleasure  to  re- 
ceive from  Dr.  Rush  a  short  time  before  his  death,  and  which  was 
written  upon  his  return  from  a  visit  to  the  tomb  of  his  ancestors, 
he  thus  expresses  the  obligation  he  felt  for  the  ^rly  impressions  of 
piety  he  had  received  from  his  parents : — 

'*  I  have  acquired  and  received  nothing  from  the  world  which  I 
prize  so  highly  as  the  religious  principles.  I  inherited  from  them^ 

*  Fftmi  Ad  Tntrodactory  Discourse  to  a  Coarse  of  Lectures  oo  the  Theory  an4 
^actice  •f  Pbysie,  by  Dr.  Hosack,  delivered  at  the  College  of  Pjbyikiaas 
^vgeoos.  Not.  3,  1813. 
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and  I  possess  nothing-  that  1  value  so  mucli  as  the  innoceac 
pumy  of  their  characters."* 

But  this  was  not  the  only  source  of  that  virtue  and  reli| 
which  he  was  so  eminently  distinguished.  His  mother,  i 
iluenced  with  a  presentiment  of  the  future  destinies  of  her  son,  re* 
solved  to  give  hira  the  advantages  of  the  best  education  which  our 
country  then  afforded.  For  this  purpose  he  was  sent,  at  the  earijr 
age  of  eight  or  nine  years,  to  the  West  Nottingham  Grammu 
School,  and  placed  under  the  care  of  his  maternal  uncle,  the  Reir. 
Dr.  Samuel  Finley,  an  excellent  scholar  and  an  eminent  leacho', 
and  whose  talents  and  learning  afterwards  elevated  him  to  the  Pre- 
sidency of  the  College  of  Princeton.  At  this  school  young  Rush 
remained  iive  years,  for  the  purpose  of  acquiring  a  knowledge  of 
the  Greek  and  Latin  languages,  and  other  branches  necessary  to 
qualify  him,  as  preparatory  for  a  collegiate  course  of  study.  But 
under  the  tuition  and  guidance  of  Dr.  Finley,  he  was  not  only  in- 
structed in  classical  literature;  he  also  acquired,  what  was  erf 
no  less  importance,  and  which  characterized  him  through  life — 8 
habit  of  study  and  observation,  a  reverence  for  the  Christian  rel^ 
gion,  and  the  habitual  performance  of  the  duties  it  inculcates;  for 
his  accomplished  and  pious  instructor  not  only  regarded  the  tem- 
poral, but  the  spiritual,  welfare  of  those  committed  to  his  care. 

At  the  age  of  14,  after  completing  his  course  of  classical  studies, 
he  was  removed  to  the  College  of  Princeton,  then  under  the  super- 
Intcndance  of  President  Davies,  one  of  ihe  most  eloquent  preacnen 
and  learned  divines  our  country  has  produced. 

At  College,  our  pupil  not  only  performed  his  duties  with  \ea 
usual  attention  and  succesi^,  but  he  became  distinguished  for  hb 
.  talents,  his  uncommon  progress  in  his  studies,  and  especially  for 
his  eloquence  in  public  speaking.  For  this  latter  acquirement  be 
was  doubtless  indebted  to  the  example  set  before  him  by  President 
Davies,  whose  talents  as  a  pulpit  orator  were  universally,  acknow- 
ledged, and  were  frequently  the  theme  of  his  pupil's  admiration. 

Dr.  Kush  received  the  degree  of  Bachelor  of  Arts  in  the  nutumii 
of  ir^O,  at  the  early  age  of  15.  The  next  succeeding  six  years  of 
his  life  were  devoted  to  the  study  of  medicine,  under  the  direction 
of  Dr.  John  Kedman,  at  that  time  an  eminent  practitioner  in  (he 
city  of  Philadelphia.  Upon  commencing  the  study  of  medicine, 
the  writings  of  Hippocrates  were  among  the  very  first  works  which 
attracted  his  attention  ;  and,  as  an  evidence  of  the  early  impressioit 
hey  made  upon  his  mind,  and  of  the  attachment  he  had  formed  to 
them,  let  it  be  remembered  that  Dr.  Rush,  when  a  student  of 
medicine,  translated  the  aphorisms  of  Hippocrates  from  the  Greefa 
into  his  vernacular  tongue,  in  the  17ih  year  of  his  age.  From  this 
early  exercise  he  probably  derived  that  talent  of  investigation,  that 

*  Thr  Ictler  here  referred  la  Tcai  originally  addressed  by  Dr.  Kushio  (he  Bon. 
John  AdBDK,  flsq.  lale  President  of  Ihe  United  Slates:  from  ncnpy  aflhegomc, 
sen!  to  the  authi^r  by  Dr.  Rusii,  GCTcrot  uf  the  {ireceding  iHleresiing  paiticulm 
bsTt  been  talCED. 
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ipirit  of  inquiry,  and  those  extensive  views  of  the  nature  and  causes 
oif  disease,  which  give  value  to  his  writings,  and  have  added  im- 
portant benefits  to  the  science  of  medicine.  The  same  mode  of 
aoquiring  knowledge  which  was  recommended  by  Mr.  Locke,  with 
thie  very  manner  of  his  commonplace  book,  was  al^o  early  adopted 
bv  Dr.  Rush,  and  was  daily  continued  to  the  last  of  his  life.  To 
hn  recofds,  made  in  17 ^^9  we  are  at  this  day  indebted  for  many 
ionportant  facts  illustrative  of  the  yellow  fever,  which  prevailed  in^ 
and  desolated  the  city  of  Philadelphia,  in  that  memorable  year. 
Efen  in  reading,  it  was  the  practice  of  Dr.  Rush,  and  for  which  he 
vas  first  indebted  to  his  friend  Dr.  Franklin,  to  mark  with  a  pen  or 
pencil  any  important  fact,  or  any  peculiar  expression*  remarkable 
dther  for  its  strength  or  its  elegance.  Like  Gibbon,  ^'  he  investi- 
gated with  his  pen  always  in  his  hand ; "  believing,  with  an  ancient 
cbwic,  **  that  to  study  without  a  pen  is  to  dream — ^'  Studium  sine 
cahmo,  somnium.'' 

Having  with  great  fidelity  completed  his  course  of  medical  studies 
under  Dr.  Redman,  he  embarked  for  Europe,  and  passed  two  years 
It  the  University  of  Edinburgh,  attending  the  lectures  of  those 
celebrated  professors.  Dr.  Monro,  Dr.  Gregory,  Dr.  Cullen,  and 
Dr.  Black. 

Iq  the  spring  of  176S9  after  defending  an  inaugural  dissertation 
^'De  Coctione  Ciborum  in  Ventriculo,"  he  received  the  degree  of 
Doctor  of  Medicine.  In  that  exercise  which  was  written  with 
classical  purity  and  elegance,  it  was  the  object  of  Dr.  Rush  to  illus- 
trate by  experiment  an  opinion  that  had  been  expressed  by  Dr« 
Cullen,  that  the  aliment,  in  a  few  hours  after  being  received  into 
the  stomach,  undergoes  the  aeetous  fermentation.  This  fact  he 
.  established  by  three  difi*erent  experiments  made  upon  himself;  ex- 
periments which  a  mind  less  ardent  in  the  pursuit  of  truth  would 
readily  have  declined. 

From  Edinburgh  Dr.  Rush  proceeded  to  London,  where,  in 
attendance  upon  hospitals  of  that  city,  the  lectures  of  its  celebrated 
teachers^  and  the  society  of  the  learned,  he  made  many  accessions 
to  the  stock  of  knowledge  he  had  already  acquired. 

In  the  spring  of  17^9,  after  visiting  Paris,  he  returned  to  his 
native  country,  and  immediately  commenced  the  practice  of  physic 
in  the  city  of  Philadelphia,  in  which  he  soon  became  eminently 
distinguished. 

Few  men  have  entered  the  profession  in  any  age  or  country  with 
more  numerous  qualifications  as  a  physician  tlum  those  possessed  by 
Dr.  Rush.  His  gentleness  of  manner,  his  sympathy  with  the  dis-^ 
tressed,  his  kindness  to  the  poor,  his  varied  and  extensive  erudition, 
bi^  professional  acquirements,  and  his  faithful  attention  to  the  sick, 
•U  united  in  procuring  for  him  the  esteem,  the  respect,  and  the 
confidence  of  his  fellow  citizens,  and  thereby  introducing  hrm  to  an 
extensive  and  lucrative  practice. 
•  Ii  is  observed,  as  an  evidence  of  the  diligence  and.  fidelity  with 
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which  Dr.  Busli  devoted  himself  to  Ills  medical  studies,  during  ^ 
six  years  he  had  been  the  pupil  of  Dr.  Redman,  tJiut  he  abscDtf  ^ 
himself  from  his  business  but  two  days  in  the  whole  of  that  peiiic 
of  time.     I  believe  it  may  also  be  said  (hat  from  the  time  he  co& 
menced  the  practice  of  medicine  to  the  termination  of  his  long  aiT- 
valuable  life,  except  when  confined  by  sickness,  or  occupied  1 
business  of  a  public  nature,  he  never  absented  himself  from  IS 
city  of  Philadelphia,  nor  omitted  the  performance  of  his  professioi 
duties  a  single  day.     It  is  also  stated  that  during  the  thirty  ycarri 
his  attendance  as  a  physician  to  the  Pennsylvania  hospital,  such  m 
his  punctuality,  his  love  of  order,  and  his  sense  of  duty,  that  | 
not  only  made  his  daily  visit  to  that  institution,  but  whs  nevei 
ten  minutes  after  the  appointed  hour  of  prescribin;,'. 

In  a  few  months  after  his  establishment  in  Philadelphia,  Dr.  I 
was  elected  a  Professor  in  the  Medical  School,  which  had  then  betj 
recently  established  by  the  laudable  CKcrtions  of  Dr.  Shippen,  E 
Kuhn,  Dr.  Morgan,  and  Dr.  Bond.  For  this  station  his  talents  ai 
education  peculiarly  qualified  him.  As  in  the  case  of  tioerliaave, 
such  too  had  been  the  attention  bestowed  by  Dr.  Rush  upon  every 
branch  of  medicine,  that  he  was  equally  prepared  to  fill  any  de^ 
partment  in  which  his  services  might  be  required. 

The  Professorships  of  Anatomy,  the  Theory  and  Practice  d 
Physic,  Clinical  Medicine,  and  the  Materia  Medica,  being  alreadv 
occupied,  he  was  placed  in  the  chair-of  Chemistry,  which  he  fiUea 
in  such  manner  as  immediately  to  attract  the  attention  of  all  who 
heard  him,  not  only  to  the  branch  he  taught,  but  to  the  learning, 
the  abilities,  and  eloquence  of  the  teacher. 

In  the  year  17^9  Dr.  Rush  was  elected  the  successor  of  Dr. 
Morgan  to  the  chair  of  the  Theory  and  Practice  of  Physic.  In 
lyai,  upon  an  union  being  cflected  between  the  College  of  Phila- 
delphia and  the  University  of  Pennsylvania,  he  was  appointed  to  the 
Professorship  of  the  Institutes  of  Medicine  and  Clinical  Practice; 
and  in  1805,  upon  tJie  resignation  of  the  teamed  and  venerable  Dr. 
Kuhn,  he  was  chosen  to  the  united  Professorships  of  the  Theorj 
and  Practice  of  Physic  and  of  Clinical  Medicine,  which  he  held  the 
remainder  of  his  life.  To  the  success  with  which  these  several 
branches  of  medicine  were  taught  by  Dr.  Hush,  the  popularity  ol 
his  lectures,  the  yearly  increase  of  the  number  of  his  pupils,  the 
unexampled  growth  of  the  Medical  School  of  Philadelphia,  and 
the  consequent  diffusion  of  medical  learning',  hear  ample  testimony  j 
for,  whh  all  doe  respect  to  the  distinguished  talents  with  which  tb< 
Cither  Professorships  of  that  Univereity  have  hitherto  been,  and  siill 
continue  to  be  filled,  it  will  be  admitted  that  to  the  learning,  the 
abilities,  and  the  eloquence  of  Dr.  Rush,  it  owes  much  of  that 
celebrity  and  elevation  to  which  it  has  attained.  Wliat  Boerhaavc 
was  to  the  Medical  School  of  Leyden,  or  Dr.  CuUen  to  that  O- 
Edinburgh,  Dr.  Rush  was  to  the  University  of  Pennsylvania. 

Sut  Dr.  Rush  did  not  confine  bis  attention  and  punuits  eithou 
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"^g  4e  practice  of  medicine  or  to  tbe  duties  of  hb  Profestonhip :  his 
bsezij^iit  mind  did  not  permit  him  to  be  an  inactive  spectator  of  those 
)rtant  public  events  which  occurred  in  the  early  period  of  his 

The  American  revolution ;  the  independence  of  hb  country ;  the 
blishment  of  a  new  constitution  of  government  for  the  United 
tes^  and  the  amelioration  of  the  constitution  of  his  own  parti- 
liar  state,  all  successively  interested  his  feelings,  and  Induced  him 
'^fb  take  an  active  concern  in  the  scenes  that  were  passing.    He  held 
seat  in  the  celebrated  Congress  of  177^  &s  a  representative  of  the 
te  of  Pennsylvania,  and  subscribed  the  ever  memorable  instru- 
KieDt  of  American  independence.    In  1 777  he  was  appointed  Phy- 
sician General  of  the  Military  Hospital  for  the  Middle  Department; 
and  in  the  year  17^7  he  received  the  additional  gratification  and 
evidence  of  his  country's  confidence  in  his  talents,  his  integrity,  and 
his  patriotism,  by  being  chosen  a  member  of  the  State  Convention 
for  the  adq)tion  of  the  Federal  Constitution* 

These  great  events  being  accomplished.  Dr.  Rush  gradually  re- 
tired from  political  life,  resolved  to  dedicate  the  remainder  of  his 
days  to  the  practice  of  his  profession,  the  performance  of  his  col- 
legiate duties,  and  the  publication  of  those  doctrines  and  principles 
in  medicine  which  he  considered  calculated  to  advance  the  interests 
of  his  favourite  science,  or  to  diminish  the  evils  of  human  life.  In 
a  letter  which  I  received  from  him  as  early  as  the  year  179^9  he 
expresses  this  determination,  adding,  ^^  I  have  lately  become  a 
mere  spectator  of  all  public  events."  And  in  a  conversation  on  this 
subject,  during  the  last  two  years  of  his  life,  he  expressed  to  me  the 
hi^  gratification  which  he  enjoyed  in  hb  medical  studies  and  pur- 
suits, and  hb  regret  that  he  had  not  at  a  much  earlier  period 
withdrawn  hb  attention  from  all  other  subjectSi  and  bestowed  it 
exclusively  upon  his  profession* 

Such  was  the  attachment  of  Dr.  Rush  to  his  profession,  that, 
speaking  of  hb  approaching  dissolution,  he  remarks,  *^  when  that 
tune  shall  come,  I  shall  relinquish  many  attractions  to  life,  and 
among  them  a  pleasure  which  to  me  has  no  equal  in  human  pur- 
suits ;  I  mean  that  which  I  derive  from  studying,  teaching,  and 
practising  medicine."  But  he  loved  it  as  a  science ;  principles  in 
medicine  were  the  great  objects  of  all  his  inquiries.  He  ha!r  well 
observed  that  medicine  without  principles  is  a  humble  art  and  a 
degrading  occupation ;  but,  directed  by  principles,*-*-the  only  sure 
guide  to  a  safe  and  successful  practice, — it  imparts  the  highest  eleva- 
tion to  the  intellectual  and  moral  character  of  man* 

But  the  high  professional  character  and  .attainments  of  Dr.  Rush 
did  Aot  alone  display  themselves  in  his  skill  as  a  physician,  or  his 
'  abilities  as  a  teacher ;  be  was  equally  distinguished  as  a  writer  and 
an  author. 

The  present  occasion  does  not  allow  me  to  recite  even  the  nume- 
rous objects  of  his  medical  publications]  much  less  does  it  afibrd 
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an  opportunity  to  review  the  opinions  they  contain.  I  must,  h( 
ever^  observe  generally,  that  the  numerous  facts  and  princi| 
which  the  writings  of  Dr.  Rush  contain^  the  doctrines  they  incid^:; 
cate  relative  to  the  nature  and  causes  of  disease,  and  the  improve^w; 
ments  they  have  introduced  into  the  practice  of  medicine,  recom^  "r 
mend  them  to  an  attentive  perusal  and  study,  while  the  perspicui^ 
and  elegance  (rf  the  style  in  which  they  are  written  give  them  aoi 
additional  claim  to  attention  as  among  the  finest  modek  of  com-: 
position.  The  same  remarks  are  equally  applicable  to  the  episto-' 
lary  stile  of  Dr.  Rush,  and  that  of  his  conversation ;  in  botli  of  which 
he  eminently  excelled. 

Mr.  Fox  declared  in  the  British  House  of  Commons  that  he  had 
learned  more  from  Mr.  Burke's  conversation  than  from  all  the  books 
he  had  ever  read.  It  may  also  be  observed  of  the  conversation  of 
Dr.  Rush,  that  such  were  the  riches  of  his  mind ;  such  was  the 
active  employment  of  all  its  faculties ;  so  constant  was  his  habit  of 
riving  expression  to  his  thoughts  in  an  extensive  correspondences 
m  the  preparation^of  his  pubKc  discourses,  and  in  hi^  daily  ioter- 
eourse  with  the  world,  that  few  persons  ever  left  his  society  without 
receiving  instruction,  and  expressing  their  astonishment  at  the 
perpetual  stream  of  eloquence  in  which  his  thoughts  were  commu-* 
nicated. 

It  has  frequently  been  the  subject  of  surprise  that  amidst  the 
numerous  avocations  of  Dr.  Rush,  as  a  practitioner  and  a  teacher 
of  medicine,  that  he  found  leisure  for  the  composition  and  the  pub« 
lication  of  the  numerous  medical  and  literary  works  which  have 
been  the  production \>f  his  pen. 

Although  Dr.  Rush  possessed  by  nature  an  active  and  discrimi'- 
nating  mind,  in  which  were  blended  great  quickness  of  perception, 
and  a  retentive  memory ;  although  he  enjoyed  the  benefits  of  an 
excellent  preliminary  and  professional  education,  it  was  only  hy 
habits  of  uncommon  industry,  punctuality  in  the  performance  of 
all  his  engagements,  the  strictest  temperance  and  regularity  in  his 
mode  of  life,  that  enabled  him  to  accomplish  so  much  in  his  pro- 
fession, and  to  contribute  so  largely  to  the  medical  literature  of  his 
country.  Dr.  Rush,  like  most  men  who  have  extended  the  boun- 
daries of  any  department  of  human  knowledge  ;  who  have  contri- 
buted to  the  improvement  of  any  art  or  science,  was  in  habits  of 
early  rising,  by  which  he  always  secured  what  Gibbon  has  well  de«^ 
nominated  "  the  sacred  portion  of  the  day" 

The  great  moralist*  justly  observes,  that  ^^  to  temperance  every 
day  is  bright,  and  every  hour  is  propitious  to  diligence."  The  ex- 
treme temperance  of  Dr.  Rush  in  like  manner  enabled^  him  to  keep 
his  mind  in  continual  employment,  thereby  ^^  setting  at  defiance 
the  morning  mist  and  the  evening  damp — the  blasts  of  the  east,  and 
the  clouds  of  the  south.^f    He  knew  not  that  *^  lethargy  of  indo-^ 
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kooe''  that  follows  the  inordinate  gratifications  of  the  table.  His 
liettD  did  not  consist  in  indulgence  upon  the  bed  or  in  the  armed 
dnir,  to  recover  those  powers  which  had  been  paralysed  or  sus- 
pended by  an  excessive  meal,  or  the  intemperate  use  of  vinous  or 
i|iirituoas  drinks. 

Dr.  Johnson,  during  his  tour  to  the  Hebrides,  when  fatigued  by 
Ui  journey,  retired  to  his  chamber,  and  wrote  his  celebrated  Latin 
ode  addressed  to  Mrs.  Thrale.*  Dr.  Rush,  in  like  manner,  after 
the  fiitigues  of  professional  duty,  refreshed  his  mind  by  the  perusal 
of  tome  favourite  poet,  some  work  of  taste,  some  volume  of  travels, 
biogFBphy,  or  history.  These  were  the  pillows  on  which  he  sought 
iqpose. 

But  the  virtues  of  the  heart,  like  the  faculties  of  his  mind,  were 
tiso  in  continued  exercise  for  the  benefit  of  his  fellow  men ;  while 
the  numerous  humane,  charitable,  and  religious  associations,  which 
do  honour  to  the  city  of  Philadelphia,  bear  testimony  to  the  philan- 
Aropy  and  piety  which  animated  tl\e  bosom  of  their  departed  bene- 
fiictor,  let  it  also  be  remembered  that,  as  with  the  good  Samaritan^ 
the  poor  were  the  obj^^cts  of  his  peculiar  care  i  and  that  in  the  latter 
and  more  prosperous  years  of  his  life,  one-seventh  of  his  income 
was  expended  upon  the  children  of  affliction  and  want.  Dr.  Boer* 
haave  said  of  the  poor,  that  they  were  his  best  patients,  because  God 
ms  their  paymaster. 

Let  it  also  be  recorded  that  the  last  act  of  Dr.  Rush  was  an  act 
of  charity,  and  that  the  iast  expression  which  fell  from  his  lips  was' 
a&  injunetion  to  his  son,  <^  Be  indulgent  to  the  poor." 

^  Vale  egregium  academi^e  decus !  tuum  nomen  mecum  semper 
daiaUt;  et  laudes  et  honores  tui  in  sternum  manebunt.'^  f 


Article  II. 

Experiments  on  Phosphureted  Hydrogen  Gas.    By  Thomas 

Thomson,  M.D.  F.R.S. 

Phosphureted  hydrogen  gas  was  discovered  in  1783  by  M. 
Geogembre,  who  published  a  dissertation  on  it  in  the  Memoires  des 
Savans  Etrangers,  vol.  x.  p.  651.  He  informs  us  that  it  takes  fire 
when  it  comes  in  contact  with  common  air;  that  it  is  twice  as  heavy 
as  oxygen  gas ;  that  six  cubic  inches  of  it  require  800  cubic  lines  of 
air  before  they  cease  to  bum ;  and  that  the  volume  of  the  gas.  was 
diminished  100  cubic  lines  (p.  654).  From  this  statement  it  is 
obvious  that  Gengembre  had  obtained  this  gas  only  in  a  very  impure 

•  BosweU. 

+  These  words  were  addressed  by  Dr.  Rosb,  upon  his  takiof;  Icf-  ^nU 

Hoity  oC  Edinburghy  to  his  particular  friend  and  preceptor,  Dr, 


I 


erhnents  on  Pliospkureled  Hydrogm  Gas. 
state.    Indeed,  1  hardly  believe  tliat  it  is  possible  to  procuM 
pfaosphiireted  hydrogen  gas  by  healing  a  mixture  of  ]>hosphont 
potash  diasulved  in  water,  which  was  the  method  employed  byjd 
gembre, 

In  1;S6  a  few  experiments  on  it  were  added  by  Mr.  Kirwi 
^vay  of  appendix  lo  his  dissertation  on  hepatic  air.     (Phil.  1 
1786,  p.  1  la.)     He  does  not  seem  to  have  been  aware  that  fl 
been  already  discovered.     He  ascertained  its  spontaneous  i 
inability,  and  considered  it  as  phosphorus  in  an  aerial  sti 
saturated  water  with  it,  tried  the  effects  produced  by  this 
different  metalline  salts,  and  ascertained  that  this  water  lias 
petty  of  precipitating  various  metallic  oxides. 

la  17m  M.  Raymond  published  a  new  process,  by  meu 
which  he  succeeded  in  obtaining  phosphureted  hydrogen  gas  i 
greater  abundance,  and  with  more  facility.  His  method  was  to  mis  . 
together  two  ounces  of  newly  slacked  quick-lime,  a  quarter  of  an 
ounce  of  phosphorus  in  grains,  and  half  an  ounce  of  water.  Tilts 
mixture  is  put  into  a  small  retort,  and  heated.  It  yields  phosphu- 
reted  hydrogen  gas  fur  a  long  time,  and  Iti  considerable  quauiity. 
Mr.  Raymond  suijstiluied  white  Oi^ide  of  zinc  and  hiack  oside  of 
iron  for  the  lime,  and  obtained  small  quantities  of  pho^phuretcd 
hydrogen  gas  in  both  cases.     (Ann.  de  Chini,  vol.  x.  p.  19.) 

In  1799  M.  Raymond  published  another  dissertation  on  this  gas. 
(Ann,  de  Chim.  vol,  xxxv,  p.  ZJa.)  He  describes  the  properties 
of  water  impregnated  with  phosphureted  hydrogen.  It  has  a  yellovr 
colour,  an  intensely  bitter  taste,  and  a  very  disagreeable  odour,  not 
quite  the  same  with  that  of  the  gas.  Water,  according  to  Ray- 
mond, absorbs  not  quite  the  fourth  part  of  its  volume  of  this  gas. 
Heat  disengages  the  gas  again  without  any  alteration.  The  water 
produces  no  change  on  the  infusion  of  litmus.  It  throws  down 
silver,  lead,  mercury,  and  copper,  from  their  acid  solutions  in  the 
state  of  phosphurets.  From  nitrate  of  mercury  it  throws  down  the 
metal,  at  first  black ;  hut  it  speedily  becomes  white  and  crystallized, 
being  converted  into  phosphate  of  mercury. 

In  the  year  ISIO  Mr.  Dalton,  in  his  New  System  of  Cbemical 
Philosophy,  vol.  ii.  p.  457,  gives  us  a  series  of  experiments  which 
he  made  upon  this  gas.  They  are  characterized  by  that  simplicity 
and  sagacity  which  peculiarly  distinguish  all  the  labours  of  Mr. 
Dalton.  The  new  facts  determined  by  Mr.  Dalton  are  the  follow- 
ing: — The  specific  gravity  of  the  gas  is  0S5,  that  of  air  being  I. 
Water  absorbs  ^th  of  its  bulk  of  this  gas.  It  is  decomposed  by 
electricity,  leaving  its  bulk  of  pure  hydrogen  gas.  It  requires  either 
l-l  volumes  or  1  volume  of  oxygen  gas  to  burn  it  compieiely,  la 
the  first  case  water  and  phosphoric  acid  ;  in  the  second  case,  water 
and  phosphorous  acid,  are  formed.  In  most  eases  it  is  largely  con- 
taminated with  hydrogen  gas.  This  gas  is  a  compound  of  one  aioai 
hydrogen  and  one  atom  phosphorus  united  together. 

These  are  all  the  facts  respecting  tiiis  gaseous  body  that  have  beeo 
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ined  by  preceding  chemists,  as  far  at  least  as  I  am  acquainted 
the  subject.    Sir  Humphry  Davy,  indeed,  in  his  Elements  of 


GhefDical  Philosophy,  p.  294,  relates  some  experiments  to  which 
h  had  subjected  it.  But  as  he  appears  to  have  operated  upon  a 
foy  impure  gas,  his  experiments  do  not  furnish  us  with  any  very 
meful  conclusions. 

Some  time  ago  I  subjected  thb  gaseous  substance  to  a  set  of  ex- 
perimeotfiy  with  the  view  of  determining  its  composition  with  more 
aeeoracy  than  had  hitherto  been  done.  I  propose  in  this  paper  to 
Rkte  the  various  results  which  I  obtained,  and  the  conclusions  which 
leoosider  myself  as  warranted  to  draw. 

Phosphureted  hydrogen  gas  may  always  be  obtained  in  a  state  of 
perfect  purity  by  the  following  method : — ^Take  a  small  tubulated 
retort  capabk  of  holding  about  12  cubic  inches  ;  fill  it  up  to  the 
tubulated  mouth  with  a  mixture  of  three  parts  water  that  has  been 
recently  boiled,  in  order  to  deprive  it  of  the  air  which  it  contains, 
and  one  part  of  common  muriatic  acid.  Drop  into  this  liquid,  at 
mpiilj  as  you  can,  about  half  an  ounce  of  phosphuret  of  lime  in 
lumps.  Then  put  the  stopper  into  the  retort,  and  fill  the  whole  ot 
the  beak  to  the  very  extremity  with  water  that  has  been  recently 
boiled.  Plunge  the  beak  of  the  retort  into  a  small  water  tub  filled 
with  water  recently  boiled.  Apply  a  very  gentle  heat  to  the  retort. 
The  phosphureted  hydrogen  gas  is  rapidly  generated,  and  may  be 
collected  in  glass  jars  for  examination.  Half  an  ounce  of  good 
phosphuret  of  lime  will  furnish  70  cubic  inches  of  pure  phosphureted 
iiydn^n  gas, 

1.  Phosphureted  hydrogen  gas  thus  prepared  is  colourless,  like 
common  air.  It  has  a  smell  similar  to  that  of  onions,  and  an  ex- 
ceedingly bitter  taste.  I  do  not  find  that  it  is  decomposed  by  being 
kept  in  contact  with  pure  water  in  close  vessels.  But,  when  left 
standing  over  water  impregnated  with  common  air,  it  soon  loses  the 
property  of  burning  spontaneously  when  it  comes  In  contact  with 
atmospheric  air.  This  spontaneous  combustability,  indeed,  depends 
upon  the  rapidity  with  which  the  phosphorus  combines  with  oxygen^ 
and  the  heat  generated  in  consequence.  If  this  heat  rises  as  high  as 
148°,  spontaneous  combustion  takes  place.  But  if  it  does  not  rise 
so  high,  the  phosphorus  only  combines  with  half  a  volume  of 
oxygen,  and  the  hydrogen  remains  unaltered.  Accordingly  phos- 
phureted hydrogen  may  be  deprived  of  the  whole  of  its  phosphorus 
by  putting  it  into  a  narrow  glass  tube,  and  letting  up  half  a  volume 
of  oxygen  gas  to  it.  A  white  smoke  takes  place,  the  half  volume  of 
oxygen  gradually  disappears,  and  there  remains  behind  a  quantity 
of  hydrogen  gas  amounting  exactly  to  the  origmal  volume  of  the 
pbo4>hureted  hydrogen  gas. 

2.  llie  gas  is  likewise  decomposed  by  passing  electric  sparks 
through  it  for  some  time.  The  phosphorus  is  deposited,  and  a 
quantity  of  hydrogen  gas  remains  ei^actly  equal  to  the  original  bulk 
pf  the  phosphureted  hydrogen  gas. 
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3.  If  a  dry  flask  containing  some  sulphur  be  exhausted  of 
filled  with  phosphureted  hydrogen  gas,  aod  then  heat  be  appi 
suOicient  to  melt  the  sulphur,  the  whole  of  the  phosphorus  se 
rates  from  the  gas,  and  combines  with  the  sulphur ;  while  a  port 
of  the  sulphur  at  the  same  time  unites  with  the  hydrogen  of 

d  converts  it  into  sulphuri^ted  hydrogen  gas.     By  this  o 

of  the  phosphureted  hydrogen  gas  into  sulphureted  hydn)| 

its  bulk  is  not  altered.  | 

4.  From  the  preceding  experiments  it  Is  abundantly  evident  f 
phosphureted  hydrogen  is  a  compound  of  phosphorus  and  bydrpg 
and  that  when  hydrogen  ?as  is  converted  into  phosphureted  bydrog 
its  bulk  is  not  altered.  Tlierelore,  in  order  to  obtain  the  compc 
lion  of  this  gas  with  accuracy,  we  have  only  to  subtract  the  spec 
gravity  of  hydrogen  gas  from  that  of  phosphureted  hydrogen  gas 

1  have  taken  the  specific  gravity  of  phosphureted  hydrogen  > 
four  times.  The  mean  of  my  experiments  gives  0-865  for  the  t\ 
cilic  gravity  of  this  gas,  that  of  common  air  being  1.  But  i 
experiment  which  was  made  with  the  greatest  cure,  and  whn 
therefore,  1  consider  as  by  far  the  most  accurate,  makes  the  spec 
gravity  of  this  gas  0-90;J.  I  am  disposed  to  consider  0'y022as ' 
true  specific  gravity,  because  this  is  the  weight  that  would  res 
from  the  gravity  of  a  volume  of  phosphorus  deduced  from  oti 
experiments,  which  1  have  not  room  to  detail  here.  The  differei 
between  this  number  and  that  which  I  obtained  by  experiment 
within  the  limits  of  unavoidable  error  to  which  we  are  liable.  \ 
have,  therefore,  the  following  calculations  for  the  composition 
jibosphureted  hydrogen  gas : — 

Speci6c  gravity  of  phosphureted  hydrogen . .  0-9022 
• hydrogen  gas 0-0G!)4 

Phosphorus =  0-832S 

Therefore  phosphureted  hydrogen  gas  is  composed  of 

Hydrogen   694     or       1 

Phosphojus     8a2S  12 

9022  13 

So  that  phosphureted  hydrogen  gas  contains  -^th  of  its  weigh 
hydrogen  and  -J-J-ihs  of  phosphorus.  Supposing  it  composed  of  i 
atom  of  hydrogen  und  one  atom  of  phosphorus,  then  it  follows  1 
an  atom  of  phosphorus  is  12  times  the  weight  of  an  atom 
hydrogen ;  but  an  atom  of  oxygen  is  just  eight  times  the  weigh 
an  atom  of  hydrogen.  Therefore  if  we  represent  the  weight  of 
atom  of  oxygen  by  1,  that  of  phosphorus  will  be  1'5. 

The  weight  of  a  volume  of  phosphorus  will  be  0'S328,  or  (if 
reckon  the  specific  gravity  of  oxygen  1),  0-75,  which  is  just  half 
weight  of  an  atom  j  so  that  in  thb  respect  phosphorus  agreea  ? 
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jgen,  carbon^  and  sulphur;  the  number  representing  its  volume 
t  one  half  of  that  representing  its  atom. 
When  oxygen  and  phosphureted  hydrogen  gases  are  mixed  in 
floportions  whatever  in  a  wide  vessel,  a  vivid  combustion  takes 
i  accompanied  by  a  very  white  light.  My  experiments,  which 
28  in  number,  agree  exactly  with  those  of  Mr.  Dalton.  One 
le  of  phosphureted  hydrogen  is  completely  consumed  when 
I  either  with  one  volume  of  oxygen  gas^  or  with  l-i  voluibe. 
^  first  case,  water  and  phosphorous  acid  are  form^ ;  in  the 
1  case,  water  and  phosphoric  acid.  In  both  cases  half  a 
le  of  oxygen  gas  goes  to  the  formation  of  water.  So  that 
horous  acid  is  formed  by  the  combination  of  one  volume  of 
horns  with  half  a  volume  of  oxygen,  and  phosphoric  acid  by 
^mbination  of  one  volume  of  phosphorus  with  one  volume  of 
n  gas ;  or,  which  is  the  same  thing,  phosphorous  acid  is  com* 
of  1  atom  phosphorus  +  1  atom  oxygen,  and  phosphoric 
>f  1  atom  phosphorus  +  2  atoms  oxygen.  But  we  have  seen 
n  atom  of  phosphorus  weighs  1*5,  and  an  atom  of  oxygen  I. 
tfcfte  phosphorous  acid  is  composed  of 

Phosphorus 1-5  or  3  or  100 

Oxygen   1-0        2  66-6 

>ho6phoric  acid  of 

Phosphorus 1*5  or  3  or  100 

Oxygen   2-0        4        133-3 

lese  results  are  confirmed  by  numerous  other  experiments 
hi  have  made  on  phosphorous  and  phosphoric  acids,  and  which 
U  take  a  future  opportunity  of  laying  before  my  readers. 
Nitrous  gas  may  be  mixed  in  any  proportion  whatever  with 
)hureted  hydrogen  gas  without  producing  any  alteration  on  it. 
f  an  electric  spark  be  passed  through  the  mixture,  an  explo- 
akes  place,  and  the  bulk  is  diminished.  I  find  that  when  one 
ne  of  phosphureted  hydrogen  is  mixed  with  three  volumes  of 
lis  gas,  there  remains  after  the  explosion  l-l- volume  of  pure 
c  gas.  Now  one  volume  of  nitrous  gas  is  composed  of  4. 
oe  of  oxygen  gas  +  7  volume  azote ;  so  that  three  volumes  of 
^  contain  14^  volume  of  oxygen  and  l-^  volume  of  azote.  All 
)hosphureted  hydrogen  gas,  and  all  the  oxygen  of  the  nitrous 
disappear;  and  the  residue  consists  of  the  whole  azote  of  the 
OS  gas.  This  combustion,  then,  is  precisely  the  same  as  when 
sn  gas  is  emploved.  Water  and  phosphoric  acid  are  formed, 
two  volumes  of  nitrous  gas  be  mixed  with  one  volume  of  phos- 
rtcd  hydrogen  gas,  and  exploded,  a  very  curious  effect  is  pro- 
1.  Only  one  half  of  the  phosphureted  hydrogen  gas  appears 
J  decomposed,  though  the  whole  oxygen  of  the  nitrous  gas  has 
peared.  The  residue  amounts  to  l-i  volume.  The  half  volume 
d  seem  to  be  phosphureted  hydrogen ;  for  if  1-^  time  its  balk 
Lygen  be  added^  and  an  electric  spark  passed  thtougjti  U^  axL 
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explosion  takes  place,  white  smoke  appears,  and  nothing  rei 
but  a  quantity  of  azotic  gas  equal  to  half  the  bulk  of  the  nitn 
gas  employed,    I  expected  to  have  been  able  to  decompose  "2 
whole  of  the  phosphureted  hydrogen  by  two  volomes  of  Diirowa 
into  phosphorous  acid  and  water.     But  the  result  was  asjuststata 

If  phospbureled  hydrogen  gas  and  nitrous  gas  be  mliced  i 
requisite  proportions,  on  letting  up  a  bubble  of  oxygen  gas  ao  ^ 
plosion  Immediately  takes  place,  and  the  r 
gas,  amounting  to  half  the  bulk  of  the  nitrous  gas  employed. 
is  a  very  elegant  way  of  exploding  these  two  gases,  and  may  be  a 
troduced  with  great  effect  into  a  lecture.     Proper  proportions  I' 
20  measures  of  phospbureled  hydrogen,  52  measures  of  nitrous  ^^ 
and  four  measures  of  oxygen  gas,     The  measure  which  I  empk^jr 
-j4-j-tii  of  a  cubic  inch.  *     -" 

7.  When  an  electric  spark  is  passed  through  a  mixture  of  pbw^ 
fihureted  hydrogen  and  oxide  of  azote,  a  loud  explosion  tabS:^ 
place,  accompanied  by  a  vivid  light.  When  one  volume  of  phi 
{tliureted  hydrogen  is  mixed  with  ihree  volui 
there  remain  after  the  explosion  exactly  three  i 
gas.  But  oxide  of  azote  is  composed  of  1  vulu 
volume  of  oxygen  condensed  into  one  volume.  Hence  threc^^ 
'volumes  of  this  gas,  if  decomposed,  would  constitute  three  volumO;:;:^ 
of  azote  and  li  volume  of  oxygen.  We  see,  therefore,  tliatibcica 
combustion  in  this  case  Is  preciiely  the  same  as  when  pure  oxygen 
is  employed.  The  phosphureted  hydrogen  is  converted  into  water  -=* 
and  phosphoric  acid,  and  the  azote  of  the  oxide  of  azote  remtum  r^ 
behind  unaltered.  ^ 

S.  When  phosphureted  hydrogen  gas  is  let  up  into  chlorine  gas  it  ^ 
burns  vividly  with  a  greenish  yellow  flame,  and  a  brown  matter  il  _^ 
deposited,  which  very  speedily  dissolves  in  the  water.  When  we  ^ 
employ  three  volumes  of  chlorine  and  one  volume  of  phosphureted  -^ 
hydrogen,  and  mix  them  over  water,  the  whole  mixture  disapiiears,  J 
heiug  converted  into  muriatic  acid  and  the  brown  matter  abo«  4 
mentioned.  This  brown  matter  is  a  bichloride  of  phosphorus.  BJ  -^ 
solution  iu  water  It  is  converted  into  muriatic  acid  and  phosphoric  i 
acid.  4 

It  is  probable  that  two  volumes  of  chlorine  would  likewise  dis- 
appear when  mixed  wkh  one  volume  of  phosphureted  hydrogen  gas, 
forming  muriatic  acid  and  proto-chloride  of  phosphorus.  Bull 
did  not  try  this  proportion,  and  cannot,  therefore,  state  such  a 
result,  though  sufficiently  probable,  as  a  fact  decided  by  experi- 
n>ent. 

9.  If  a  quantity  of  iodine  he  put  into  a  glass  fuhe,  and  if  the 
tube  be  exhausted  of  air,  and  then  tilled  with  phosphureted 
hydrogen  gas,  the  phosphorus  combines  with  the  iodine,  and  forms 
a  white  solid  substance,  which  is  iodide  of  phosphorus.  If  the  re- 
quisite proportion  of  the  two  substances  be  employed,  the  phosphu- 
reted hydrogen  gas  is  completely  decomposed,  and  a  quantity  of 
hy^ogea^aa  remains,  precisely  equal  in  bulk  to  the  original 
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m  wMer  be  present^  one-third  of  the  hydrogen  also  disap- 
lie  proportions  which  I  found  to  answer  are  four  grains  of 
iIbt  1  j-  cubic  inch  of  gas.  If  more  iodine  be  used,  part  of  it 
in  the  state  of  a  brownish  yellow  substance,  which  is  pro- 
ibiniodide  of  phosphorus. 
Ml  Mj  experiments  respecting  the  absorption  of  phosphureted 
gas  by  water  agree  very  nearly  with  those  of  Dr.  Henry. 
Bog  to  biniy  100  measures  of  water  absorb  2*14  measures  of 
;ted  hydrogen.  I  tried  the  experiment  in  a  glass  tube 
into  100  parts  of  a  cubic  inch.  I  found  100  measures  of 
to  absorb  rather  more  than  two  measures  of  gas.  Mr.  Dalloa 
J/Ha  the  quantity  absorbed  by  100  measures  of  water  as  S*7  mea* 
tmn  of  gas.  This  considerably  exceeds  the  proportion  which  I 
flbcained;  but  it  is  possible  that  the  water  employed  by  Mr.  Dalton 
^better  freed  from  air  than  what  1  used  in  my  experiments, 
t  Water  impregnated  by  phosphureted  hydrogen  gas  has  a  yellovr 
Cpioor,  and  an  intensely  bitter  taste.  Its  smell  is  similar  to  that  of 
.lit  gas.  It  does  not  alter  vegetable  blues.  When  dropped  into  a 
idiition  of  iodide  of  zinc  or  hydriodate  of  potash,  it  produces  no 
altenuion  in  these  liquids.  It  has  the  property  of  precipitating 
various  metallic  solutions.  The  following  table  exhibits  the  result 
.af  die  eiqjeriments  which  I  made,  by  dropping  water  impregQate4 
with  this  gas  into  various  metalline  salts : — 

Saline  Solutions.  Colour  of  Precipitatei. 

Mitro-muriate  of  gold.  Dark  purple,  almost  black. 

Nitro-muriate  of  platinum.  Yellow  flocks  fall  slowly. 

Pemitrate  of  mercur}',  Copious  dark  brown  flocks, 

NitfBte  of  silver.  Black  flocks. 

Snlphate  of  copper.  Dark  brown  precipitate. 

Nitrate  of  lead,  A  slight  white  powder. 

Persulphate  of  iron,  0. 

Sulphate  of  zinc,  0. 

Muriate  of  manganese.  0. 

Such  are  the  properties  of  phosphureted  hydrogen  gas,  as  &r  as 
I  hare  ascertained  them.  There  is  another  gas,  composed  of  two 
ttoms  hydrogen  and  one  atom  phosphorus,  p(»sessed  of  properties 
that  difler  a  good  deal  from  those  which  I  have  just  detailed.  1  shall 
take  a  future  opportunity  of  laying  an  account  of  the  history  and 
poperties  of  this  second  gas  before  my  readers.  The  gas  which  I 
have  described  in  this  paper  ought  to  be  called  hydroguret  of  phoS'» 
pborus;  and  the  second  gas,  to  be  described  hereafter,  should  be 
called  ii'hifdrogwrei  of  phosphorus. 
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Expsriments  on  the  Reslslance  of  Air,  and  on  AW  i 
Power.    ByCol.  Beaufoy,  F.R.S. 

(To  Dr.  Thomson.)     _  ' 

MY  DEAR  SIR,  Bus/ieji  Utal'i,  April  19,  IS16.J 

I  HAVE  taken  the  liberty  of  sending  you  more  c:cperimeDd 
which  may  be  termed  a  coniinuiition,  or,  more  properly  speakiaj 
are  connected  with  those  you  have  been  pleased  to  publish  ;  ol 
should  these  induce  other  persons  to  bestow  their  attention  on  fW 
branch  of  philosophical  investigation,  no  doubt  far  lieiterexpe^ 
meats  and  deductions  would  result.  Scicmitic  men,  in  parts  i 
Europe  far  Ies3  maritime  than  our  own,  have  been,  aod  are  doi| 
busily  employed  in  researches  of  (his  nature.  It  is'  to  be  regretti 
that  more  attention  has  not  been  bestowed  in  Great  Britain  on  tq 
subject ;  but  it  may  not  be  too  much  to  expect  that  an  emulatial 
will  arise  among  those  who  have  an  op[>ortunity  of  benefiting  tS 
community  by  multiplying  experiments,  and  thus  do  away  tS 
^igma  so  frequently  applied,  that  the  first  maritime  nation  whie 
ever  existed  is  chiefly  intlcbled,  to  strangers  for  the  elementary  wtall 
of  that  science  which  has  rendered  her  no  less  the  admiration,  iba 
the  dread,  wonder,  and  envy,  of  the  rest  of  the  universe.  ^ 

I  remain,  my  dear  Sir,  yours  very  sincerely, 

Makk  Bkaufoy, 


Description  of  the  Apparatus. 
In  making  these  experiments,  the  first  object  is  to  ascertai 
exactly  the  velocity  with  which  tlie  air  strikes  the  sails.  This  i 
most  readily  accomplished  by  causing  the  windmill  to  move  throng 
the  air  with  a  certain  velocity,  which  can  be  much  more  accurate! 
determined  than  the  motion  of  the  air.  The  windmill  has  fbcj 
sails,  numbered  I,  2,  3,  4,  {Plate  LUI.  Figs.  1,  2)  mounted  on  a 
axis  supported  in  a  frame  fixed  at  the  end  of  a  brass  tube,  a,  whici 
is  fixed  perpendicularly  into  a  vertical  axis.  A,  revolving  freely  O 
pivots  at  its  ends.  The  lower  pivot  rests  in  a  step  supported  on  tU 
floor,  and  the  upper  is  filled  into  a  brass  socket  fixed  to  the  beafl 
B,  B,  extending  liorizontally  across  the  room  at  about  five  feet  fr»< 
the  ground.  When  this  vertical  axis  is  turned  round,  the  sails  will  pai! 
through  the  air  with  any  required  velocity,  the  centre  then  descrihlBl 
a  circle  of  106'92  inches  in  diameter,  'lliis  motion  is  caused  1: 
two  small  cords,  b,  c,  lapped  round  the  lower  end  .of  the  axis  i 
contrary  directions.  The  cords  are  conducted  round  pulleys  book' 
to  the  floor  at  D  and  E ;  then  passing  over  two  other  pulleys,  F  a^ 
G,  have  leaden  weights  appended  to  them,  which  by  their  descd 
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actuate  the  machine.  As  the  cords  are  put  round  the  axis  in  contraiy 
directions,  they  mutually  operate  to  turn  the  axis  round,  without 
causing  any  extraordinary  strain  upon  the  point  at  the  lower  end. 
The  axis  of  the  sails  has  a  fusee,  «,  Fig.  2,  fixed  upon  it,  similar 
to  the  fusee  of  a  clocks  except  that  it  is  a  conical  figure.     Upon 
this  a  fine  line,  r,  Fig.  1,  is  wound,  which  then  passes  round  a 
pulley  fixed  to  the  vertical  axis,  A,  at  f^  and  has  a  small  weight 
suspended  from  it.    On  the  largest  end  of  the  fusee  a  ratchet  wheel 
isnxed,  and  a  click,  g,  Fig.  2,  engages  its  teeth.     These  are  100 
in  number,  and  are  figured  on  the  face  of  the  wheel.     On  the 
smaller  end  of  the  fusee  is  a  pinion  of  eight  leaves,  turning  a  cog 
ivheel,  k,  of  80  teeth.    This  has  a  pin  fixed  in  it,  which  raises  a 
small  hammer,  /,  and  causes  it  to  strike  on  a  bell,  ^,  at  every  10 
revolutions  of  tire  sails.     The  principal  axis,  A,  Fig.  1,  is  also  pro- 
vided with  a  bell,  to  point  out  every  turn  it  makes.     This  bell  is 
£xed  by  a  spring  from  the  beam,  B,  and  w  isa  small  spring  fixed 
to  the  arm,  a,  carrying  the  vanes,  which  at  every  revolution  meets 
the  bell,  m,  and  strikes  it.   The  vanes  of  the  sails  are  fixed  to  their 
axis  by  a  steel  wire,  w.  Fig.  2,  fastened  to  each  of  them,  which 
are  inserted  into  four  tubes  disposed  in.  the  form  of  a  cross,  and 
screwed  upon  the  axis.    The  tubes  are  split  at  their  ends,  and  each 
wrrounded  by  a  screw  clamp,  o,  which,  when  screwed  fast,  closes 
the  tube  round  the  wire,  and  by  that  means  fixes  the  same  at  anj 
required  angle  to  the  plane  of  motion.    These  angles  are  deter- 
mined by  the  small  protractor.  Fig.  S,  the  clamps  being  loosened* 
All  the  four  vanes  are  first  set  by  the  eye  exactly  in  the  plane  of 
their  motion.    By  turning  them  round  while  the  eye  is  held  in  their 
plane,  the  smallest  deviation  from  the  truth  in  this  respect  will  be 
rendered  apparent.    The  straight  ruler,  g,  of  the  protractor  is  novr 
applied  against  the  edge  of  one  of  the  sails;  No.  1,  for  instance; 
the  ruler  in  the  direction  of  the  sail's  length ;  the  plane  of  the 
arch,  r,  perpendicular  to  the  sails  ;  and  its  centre  coincident  with 
the  centre  of  the  wire  of  the  adjacent  sail.  No.  2 ;  consequently 
when  the  latter  is  turned  about  in  the  socket  of  the  wire,  w,  it  will 
follow  the  arch,  r,  and  the  degrees  thereon  will  point  out  the  angle 
which  it  is  required  to  make  with  the  first  sail.    This  operation  is 
repeated  to  the  other  sails  ^  and  by  this  means  three  of  them  can  be 
set  to  have  the  same  angle.    For  the  fourth  a  different  method  must 
be  resorted  to^  as  there  is  nothing  left  in  the  plane  of  motion  to 
apply  the  ruler^,  of  the  protractor  against.    The  square,  Fig.  4, 
is  now  used.    The  ruler,  x,  is  placed  against  the  edge  of  one  of  the 
•ails ;  No.  2,  for  instance ;  which  is  set  to  its  proper  angle ;  so  that 
the  other  ruler,  y,  is  perpendicular  to  the  plane  of  the  sail ;  and 
projecting  from  its  front,  this  applies  itself  to  the  edge  of  the 
adjacent  sail.  No.  1,  which  is  one  of  those  previously  set  to  its  in- 
tended angle.     It  is  now  noticed  what  division  upon  the  ruler,  y,  of 
Ae  square  is  cut  by  the  edge  of  the  sail  I,  the  square  is  then  re- 
moved to  the  sail  No.  1,  next  to  that  which  remains  to  he  set;  and 
this  No.  4  is  turned  round  until  the  same  division  on  the  ruier^  tf. 
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of  die  square  is  cut  by  its  edge.  Tlie  divisions  on  this  sqi 
merely  arbUraty,  as  thi^y  are  only  iuleiitled  Iq  put  all  the  sail 
same  position  relative  to  each  otiier,  tbree  of  them  having  first] 
set  at  the  intended  angle  with  the  plane  of  motion.  Thef 
being  set  by  these  means,  the  clamps,  o,  are  screwed  tight,  to ' 
them  ill  iheir  positions.  The  weights  being  prepared  and  1 
up  by  turning  the  axis,  A,  in  a  contrary  direction,  a  weight 
pendcd  at  the  end  of  the  line,  r,  which  is  all  unwound  i 
fusee,  and  the  machine  is  permitted  to  revolve  by  the  action 
weights.  After  making  a  turn  or  two,  it  acquires  its  proper  v( 
This  Is  regulated  by  the  quantity  of  descending  weights,  and 
mined  by  the  spring,  w,  striking  the  bell,  m,  the  operator  ha< 
stop  watch  to  ascertain  the  period  of  several  revolutions  aft 
motion  becomes  uniform.  This  motion  of  the  sails  through 
has  the  same  effect  in  turning  them  round  as  a  current  of  air 
have  by  blowing  against  them.  As  they  turn  round,  the  fui 
their  axis  winds  up  the  line,  r,  and  weight ;  the  resistance  o^ 
represents  the  work  the  windmill  has  to  perform ;  as  by 
round,  ihc  fusee  acts  upon  a  larger  radius,  this  resistance  coi 
increases,  and  will  cause  the  sail  to  stop  when  it  becomes  ( _ 
their  power.  When  the  operator  perceives  the  sails  have  lost' 
motion,  the  machine  may  be  stopped.  The  click,  g,  now  prevents 
the  weight  turning  the  sails  backwards ;  and  by  observing  the  divi- 
sion at  which  the  click  stands,  and  the  grooves  of  the  fusee  on  which 
the  line  acts,  the  resistance  of  the  weight,  and  consequently  ilie 
power  exerted  by  the  sails,  may  be  determined  by  a  table  previously 
made  for  the  purpose.  The  fusee  has  14  turns  ,of  the  spiral  groove 
upon  it;  and,  as  before  mentioned,  the  100th  part  of  a  revolution 
can  be  determined  by  the  teeth  of  the  ratchet  wheel.  The  resist- 
ance of  winding  u  weight  on  this  fusee  is  constantly  increasing,  as 
the  thread  winds  from  the  smallest  to  the  largest  end ;  and  by  the 
above  divisions  the  intensity  can  be  determined  at  1400  dif^reat 
points.  The  table  is  made  by  experiments;  a  circle  of  18*224 
inches  diameter  is  fitted  upon  the  axis  of  the  sails,  and  pinned  Iff 
them ;  a  fine  thread  is  then  wound  upon  this  circle,  and  a  small  tin 
cup  suspended  from  it ;  the  line,  r,  and  weight  are  applied  to  ihc 
fusee ;  a  small  weight  is  now  put  into  this  cup  sufficient  to  turn  the 
fusee  one  division ;  the  weights  used  for  this  purpose  are  very  6ne 
shot,  and  made  up  to  the  proper  weight  by  a  small  quantity  of 
Slings,  or  some  other  fine  metallic  masses.  This  being  done,  the 
contents  of  the  cup  are  weighed,  and  recorded  in  the  table.  The 
second  division  is  now  ascertained  in  the  same  manner;  &nd  by 
ihciie  means  the  whole  number  arc  gone  through.  It  is  not  essentiiil 
to  try  every  individual  division,  unless  it  should  appear  from  the 
trials  made  (hat  the  accuracy  of  the  spiral  on  the  (usee  is  to  be 
suspected  in  any  particular  part  by  these  trials;  showing  that  the 
increments  of  the  resistance  are  unequal  in  equal  spaces.  In  such 
cases  every  division  should  be  proved  by  experiments.  Where  no 
Idea  «{  this  kind  i^  entertained,  the  blanks  in  the  uble  may  be 


6k]  and  on  Air  as  a  moving  Power.  >?^ 

kd  ap  by  making  the  resistance  increase  in  the  regular  progrres^oa 
I  from  one  ascertaiuetl  point  to  the  next.  A  table  so  founu  will  show 
'  (Kcurate  resuhs,  notwithstanding  any  defects  in  the  regularity  of 
the  spiral  groove  of  the  fusee,  as  it  will  exhibit  the  v»\\ie  of  the 
resistance  at  every  division  of  the  fusee.  When  the  velocity  of  sails 
is  the  only  object  of  inquiry,  the  line,  r,  is  removed  from  the  fusee, 
and  the  iDaetiine  set  in  motion  as  before.  The  small  bell,  k,  now 
itrikes  at  every  10  turns  of  the  sails,  and  may  be  counted  by  menns 
of  a  slop-watch  to  determine  the  number  of  revolutions  they  make 
for  mowing  through  the  air  a  certain  space.  Fig,  5  Is  a  view  of  one 
of  the  pulleys  used  in  place  of  F  and  G,  when  extraordinary  accu^ 
laey  is  desired.  The  pivot  of  the  pulley  is  surrounded  by  six  friction 
lollere,  which  roll  ruund  in  a  circular  aperture  made  in  the  frame 
^hicb  contaii^s  the  pulley.  Only  three  of  the  friction  rollers  are 
diown  in  the  drawinff,  to  avoid  confusion. 

N.  B.  The  sails  are  made  of  thin  mahogany  bevelled  to  the  edges 
in  parallelogram*,  each  12  iurhes  long  and  six  wide;  consequently 
the  superficial  contents  are  two  square  feet.  The  distance  from  the 
aiisuf  the  fusee  lo  the  centre  of  the  sails  is  ;M  12  incites,  or  equal 
tghalf  the  diameter  of  the  circle  (lb'224  diameter)  tilted  upon  the 
axis  of  the  sails. 

Experiments  made  tvUk  the  View  of  ascertaining  the  Resislanct 
which  Mr  offers  to  Plane  Surfaces  moving  with  different  Felo- 
citij,  when  Uiey  are  placed  at  right  AfigUs,  and  obliquely  la  die 
Impulse.  Jllso  to  ascertain  the  Power  extrted  by  IVind  on  ilia 
Sails  of  JVindmills  and  Skips,  to  move  thois  Bodies  from  a 
Slate  of  Rest  lo  Motion.  * 

(See  Table  A.)— The  table  is  divided  into  several  horizontal 
tod  vertical  lines,  1>  Horizontal  line,  contains  the  position  of  the 
sails.  '2.  The  horizontal  velocity  with  which  the  saiLs  struck  the 
' .    3.  The  motive  weights  reduced  into  ounces.     4.  'ITie  frlciion 

the  apparatus,  which  subtracted  leaves,  in  the  5th,  the  experi- 

inted  or  true  motive  weights,     fi.  The  calculated  motive  weights. 

The  resif^iance  of  the  arm,  which  subtracted  from  the  calculated 
motive  weights  leaves,  in  the  tJih,  the  relative  or  sail's  resistance, 
which  numbers,  being  muiiiplied  by  1*435,  the  radius  of  the  axis 
mund  which  the  cord  was  wound,  and  divided  by  53'46,  the  length 
'the arm,  leaves,  in  the  9th  and  last  line,  the  true  resistance. 
mean  exponent  is  set  down  for  the  purpose  of  calculailiig  the 

Hstsnce  answering  to  any  other  velocity,  or  the  velocity  answering 

any  other  rei'istance. 

The  other  tables  have  fewer  horizontal  lines,  it  being  unnecessary 
to  enter  so  much  into  the  detail.  It  is,  however,  to  be  remarked, 
that  an  additional  line  is  introduced,  which  contains  the  resistance, 
nkulftted  from  (he  commonly  received  opinion  that  the  resistance 
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decreases  in  proportion  to  the  iquares  of  the  Bines  of  the  angle  ( 
incidence.  i 

If  it  were  possible  to  construct  a  machine  perfect  in  all  its  p>rti|  I 
If  the  weight  of  the  atmosphere  did  not  vary ;  and  if  esperimeait  \ 
could  be  made  without  committing  errors ;  the  sixth  line  would  bt 
unnecessary.  But  as  all  these  causes  render  perfection  impos^bl^ 
it  is  requisite,  for  comparing  the  experiments  more  satisfactaillf 
with  each  other,  to  get  rid  of  the  unavoidable  irregularities,  by  i 
bringing  the  whole  into  a  regular  scries;  which  is  done  bylM 
theorem  explained  in  the  Annals  of  Philosophv,  vol.  vi.  p.  279.  By 
examining  the  experiments,  and  comparing  them  with  the  retix- 
ances,  calculated  according  to  the  squares  of  the  sines  of  the  aiigtl 
«i  incidence,  it  is  evident  that  the  theory  does  not  coincide  witk 
facts,  except  at  the  angle  of  55°,  the  variatiou  in  this  case  not  beiqf 
more  than  ^-^V^j  of  an  ounce.  But  in  the  angles  beiweeo  65°  aH 
55°  the  computed  exceeds  the  esperiniented  resistances,  exceplit 
65° ;  and  a^erwards  the  experimented  resistances  become  grWa 
than  the  calculated. 

(See  Tablb  B.) — The  subsequent  table  contains  the  experimnli 
Inade  when  the  sails  were  permitted  to  revolve  round  ibeir  sh^  er 
horizontal  axis.  This  table,  like  the  former,  is  divided  into  vertical 
and  horizontal  lines.  1.  The  angle  of  the  saib,  reckoning  from 
the  plane  of  their  motion.  2.  The  horizontal  velocity  in  feel  per 
second.  H.  The  weights  in  ounces  hung  to  the  cone,  and  which 
were  wound  up  by  the  rotatory  motion  of  the  sails.  4.  The  revo- 
lutions and  parts  of  the  revolution  of  the  cone  when  the  sails  caaif 
to  a  stale  of  rest.  5,  The  value  of  the  revolutions  and  parts,  in 
ounces  and  decimal  parts,  which  balance  or  are  equal  to  the  eSbrts 
of  the  sails.  6.  The  calculated  values  or  the  regular  series  of  the 
sail's  eBbris.  7-  Those  values  divided  by  9-112,  the  distance  of  the 
centre  of  gravity,  or  rather  the  centre  of  pressure  of  the  sails  from 
their  axis;  and  the  result  is  the  impelling  power  as  applied  to  th* 
Bail  of  a  vessel.  By  examining  these  experiments,  it  appe^-s  thai 
the  most  advantageous  angle  to  move  the  sails  of  a  mill  from  a  state 
of  rest  to  that  of  motion  is  the  angle  of  60",  which  widely  differs 
from  the  generally  received  opinion  on  this  subject.  Those  who 
have  made  experiments  on  the  sails  of  windmills  may  have  been  ki 
into  considerable  errors  by  permitting  them  to  acquire  great  velocity^ 
end  consequently  great  momentum  ;  for  it  was  observed  in  m^ing 
(J)ese  experiments,  that  with  a  small  degree  of  celerity  the  apparent 
effect  was  far  greater  than  should  he  attributed  merely  to  the  im- 
pulse of  the  wind.  If  the  direct  impulse  of  the  wind  be  suppose^ 
to  be  10*000,  the  annexed  table  will  show  bow  much  its  effect  Is 
decreased  by  altering  the  obliquity  of  the  sail  every  5°,  and  tlif 
cf]brt  of  a  sail  to  drive  a  ship  to  leeward,  and  iti  power  to  give  tbl 
vesiel  a  progressive  velocity  : — 
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Angle  of  the  Sail  with  ike  Direction  of  the  Wind. 
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Angle  of  tfie  Sail  continued. 
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To  applj  this  table  to  practice,  suppose  a  wiodiniil  with  fgur 
■iU,  each  sail  36  feet  loog  and  six  feet  wide,  and  that  3Q  feet, 
ODuoting  from  the  extremity  of  each  sail,  is  covered  with  caoTasj 
the  area  of  the  four  sails  will  be  7^0  square  feet,  the  surface  ex- 
psaed  to  the  action  of  the  wind.  Let  the  velocity  of  the  wind  be 
90  feet  per  secoDd,  and  the  angle  which  the  sails  maike  with  the 
plane  of  their  motion  35°.  The  power  of  the  wind,  when  blowing 
10  feet  in  a  second  on  one  superficial  foot  exposed  at  right  angles  v> 
^  cuireot,  is  O-DOGG  parts  of  a  lb,  avoirdupoise,  or  14*505  oz. 
Bf  ioapectiog  the  column  under  55°  (the  complemeDt  of  US)  the 
mimberB  6708,  and  6160,  and  548,  are  found.  The  first,  6708, 
.sbtnrs  how  much  the  dhect  force  of  the  wind  is  reduced  from 
10-000,  by  placing  the  sails  at  an  angle  of  55°.  The  second 
immber  is  the  proportional  part  to  overturn  the  mill.  And  the 
dtird  number  the  force  exened  to  give  the  saik  a  rotatory  motion, 
or  a  ship  progressive  velocity,  as  10000 :  6708  ::  722  x  0-90GG  = 
85275  :  437-87  lbs.  the  total  effect  of  the  wind  on  the  sails. 
Agmn,  10000  :  6160  ::  652-75  :  402-09,  the  power  to  overturn  the 
nill>  or  leeward  effect.  Again,  10000  :  54S  ::  652-75  :  35-771 
lU.  the  power  of  the  sails'  rotatory  motion.  35-771  multiplied  by 
90,  tb«  distance  of  the  centre  of  gravity  of  the  sails,  or  rather  of 
the  pressure  from  the  centre  of  (he  axis,  gives  71^*42  lbs.  the 
power  of  the  mill.  Had  the  power  of  the  mill  been  calculated  in 
die  usual  mode,  it  would  have  given  2303  lbs, ;  but  71^*42  U  to 
250S  nearly  as  2  to  7^  a  very  considerable  difference,  which  proves 
that  no  reliance  can  be  placed  on  the  usual  theoty.  iVfathematitiaiis 
demoDstnte  the  most  advantageous  angle  for  the  suils  to  make  with 
&e  plane  of  their  motion  to  be  nearly  35° ;  but  these  experiments 
iodicate  that  the  angle  should  be  GO''.  Mills  would  be  better  con- 
unicted,  supposing  60"  to  be  the  best  angle,  if  the  saili*  ''■w 

lipid  in  their  motion,  which  would  permit  their  being  9 

I    obliquely  te  the  impulse  of  the-  wind;  but  thea  a 
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would  arise  from  the  increase  of  friction  caused  by  the  hesd,i 
ihaft  projecting  more  than  iu  the  usual  metliod  of  building.  . 
incouveuience  might  be  remedii-'d  by  using  Mr.  Garnet's  iDgeoi 
invention  of  frictioo  rolleni  for  mills ;  which,  if  not  sold  in  Londoo, 
can  be  readily  procured  from  Brisiol.  Another  improvement  ihs 
writer  thinks  would  accrue  if  liie  sails  were  made  narrower  at  the 
extremity  than  at  the  axis.  This  he  is  aware  is  contrary  to  what  ha* 
been  recommended ;  hut  as  a  narrow  sail  will  admit  in  practice  of 
being  more  weathered  than  a  broad  one,  the  advantage  gtkined  bf 
the  sails  making  an  acute  uiglc  at  their  extremities  with  the  direo 
tion.  of  the  wind,  wilt  more  than  counterbalance  the  disadvantage 
of  having  the  centre  of  gravity  nearer  the  axis.  I 

Meteorological  journals  would  be  much  improved  if  a  simple  aad 
cheap  instrument  for  registering  the  velocity  of  the  wind  was  csnl. 
From  numerous  experiments  made  with  this  {see  the  Plate),  it 
appeared  well  ada{)ted  for  the  purpose  of  a  wind-measurer  or  gauge. 
The  following  table  contains  the  velocity  of  the  extremity  of  the 
sails  at  the  various  angles  of  5°,  10°,  15°,  &c. ;  therefore  the  eon- 
struclor  may  choose  any  angle  he  thinks  proper.  The  greatest 
velocity  the  sails  can  acquire  is  when  the  angle  is  15°,  the  velocity 
in  this  case  being  more  than  live  times  that  of  the  wind.  As  no 
advantage  accrues  from  this  increase  of  velocity,  some  other  ande 
might  be  more  advantageous ;  perhaps  the  angle  of  60°,  as  it  is  tbe 
best  from  which  to  move  tlie  sail  from  a  state  of  rest,  and  coose- 
quenily  the  best  adapted  for  light  winds.  But  as  wheels  of  1000 
snd  16'4^  teeth  are  too  large  for  practice,  the  following  smaller 
numbers  will  he  more  convenient,  and  they  bear  nearly  the  same 
proportion  as  Ihc  larger : — 

As  It  is  to  tS;  or  14  is  to  23;  or  81  is  to  133;  or  500b~to821, 
irhich  is  exactly  in  the  same  proportion  as  1000  is  to  1&I2, 

Suppose  the  velocity  of  the  wind  1000  :— 

Imlmatwn  of  Ike  Sail  from  ili£  Plaiie  of  Molitm, 


Telocilj  of  saili  

10° 
4940 

15° 

80^   85"    SO* 
4S3S  4554  4007 

35" 
35S6 

40° 
3OT8 

49* 

mi 

'iKllnation 

of  the  Sail  continued. 

SO" 

530 
11)W4 

60" 

65= 

IC 

75°    80" 

s. 

so* 

VcTorliv  or  sails... 

\6n 

1834 

6S5 

69       32 

18 

When  th'ui  instrument  is  used  as  a  wind-gauge  it  must  be  fixed  on 
a  spindle,  like  a  weather-cock,  and  be  furnished  with  a  long  wcdge- 
like  vane,  which  will  render  it  steady,  by  preventing  the  ill  efiecM 
of  the  vil}r3iioc  caused  by  the  eddy  wind  from  the  sails. 


\ 
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To  apply  these  experiments  to  a  ship,  suppose  an  80-gun  man  of 
iRur  on  two  decks  to  have  in  the 

Sqoare  of  Feet  of  CanTai. 

Spanker    SH775 

Main*sail 4707* 

Fore-sail 3493* 

Mizen-top-sail 2106* 

Xdain-toi^-sail    4693*5 

Fore-top-sail 3933* 

Fore-top-stay-sail 1154*25 

Mizen-lop-gallant-sail 863*50 

Main-top-^ant-sail    1552*83 

Fore-top-gallant-itail     J  339*50 

Jib ^ 2035* 

Mizen  royal  • 407* 

Main-royal 1021* 

Fore-roj^Bi • 552* 

Total 31005*33 

Suppose  that  this  quantity  of  canvas  is  set,  that  the  wind  is  oa 
Ae  beam',  or  at  right  angles  to  the  ship's  course^  and  blowing  with 
a  fdocitv  of  20  feet  per  second  $  that  the  mean  height  of  the 
aentre  of  gravity,  or  pressure  of  all  these  sails,  is  74  feet  above  the 
bid  water  line ;  that  the  sails  are  bmced  up  to  make  with  the 
erection  of  the  wind  an  angle  of  30^  (which  is  found  by  experi^ 
ment  to  be  the  most  advantageous  angle  to  give  the  first  impube  to 
the  ship).  Then  31005  x  09066  is  equal  to  28109  lbs.  avoir- 
dopoise,  or  12*549  tons,  the  force  of  the  wind  blowing  at  right 
angles  on  31005*33  feet  of  canvas.  Then  as  10000  :  3475  ::  28109 
:  9768  lb9.  or  4*3607  tons,  the  power  of  the  wind  on  the  sails 
when  braced  up  to  an  angle  of  30^.  Then  as  10000 :  2722  ::  28109 
:  7651*4  lbs.  or  3*4158  tons,  the  leeward  efltect.  3*4158  multi- 
plied by  74  gives  252*77  tons,  the  power  of  the  wind  to  overturn 
the  vessel  Lastly,  as  10000  :  753  ::  28109  :  2116*7,  or  0*94493 
tons,  the  power  of  the  wind  to  give  the  ship  progressive  velocity. 

a  several  experiments  made  with  different  vertical  sections  of  his 
jesty's  ship  Cambridge,-  of  80  guns,  the  mean  height  of  the 
XDetacentre  was  found  to  be  14'7lS  inches  above  the  load  water  line. 
If  the  centre  of  gravity  of  this  ship,  when  ready  for  sea,  be  at  the 
surface  of  the  water,  the  angle  of  inclination  the  vessel  will  assume 
Ijv  the  force  of  the  wind  is  thus  found.  Divide  the  momentum  of 
toe  saib  252*77  hy  3438,  the  tons  of  sea  water  displaced  by  tho 
ihip:  the  quotient,  0*88226  inches  is  the  length  of  lever  on  which 
the  water  acts  to  counterbalance  the  force  of  the  wind.  Then  to 
find  the  angle  of  inclination,  as  14*76  :  radius  ::  0*88220  :  sine  of 
S°  25^  36^',  the  ship's  inclination  by  the  power  of  the  wind.  Tho 
foirer  of  the  vrind  on  the  masts,  yards,  and  rigging,  is  r 

Mo  the  account^  because  this  force  is  ioduded  in  tM*nB 
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the  effect  of  the  wind  on  the  hull  of  the  vessel  included  in  the  cal- 
culation. To  find  the  distance  between  the  centre  of  gravity  aad 
the  nietaeentre  of  his  Majesty's  ship  Cambridge,  let  the  weight  -of 
each  gun,  gun-carriage,  and  gun-tackles,  be  ascertained.  Then 
Tun  the  guns  out  on  one  side,  and  in  on  the  other,  and  measure  ihe 
distance  they  are  moved.  By  multiplying  the  space  each  gun  hat 
been  moved  into  the  weight  of  each  gun,  carriage,  tackles,  &c.  the 
momentum  of  euch  gun  is  obtained.  The  sum  of  all  these  momenta 
divided  by  the  weight  of  the  guns  will  be  the  mean  distance  of  those 
guns  from  the  place  in  which  they  stood.  To  solve  this  probleia 
there  is  given  the  weight  of  the  water  displaced  by  the  ship,  the 
weights  which  made  the  ship  incline,  the  angle  of  inclination  mei^ 
sured  by  hanging  up  a  plummet,  and  the  height  of  the  metacentra 
14'7*'  inches  above  the  load  water  line,  whence  the  distance  be- 
tween the  metaccntre  and  the  centre  of  gravity  of  the  vessel  is  thu* 
calculated.  From  the  log.  cosine  of  the  ship's  inclination  subtract 
the  log.  sine,  and  to  the  remainder  add  the  logarithm  of  the  meaa 
space  the  weight  is  moved,  and  the  logarithm  of  the  weight  itself 
From  the  sum  of  these  three  logarithmic  numbers  subtract  the 
logarithm  of  the  weight  of  the  water  displaced  by  the  ship  ;  and  the 
natural  number  answering  to  this  last  difference  will  be  the  distance 
of  the  metacentre  from  the  centre  of  gravity  of  the  vessel. 

Example. — Suppose  the  weight  of  the  guns,  carriages,  &c.  of  tbft 
Cambridge  to  be  178  tons,  and  that  this  weight  was  removed  J7'04 
inches  from  the  centre  line  of  the  ship,  which  gave  the  ship  an  in- 
clination of  3°  25'  3ti",  required  the  distance  of  the  centre  ofgraTiiy 
from  the  metacentre : — 

Cosine  3°  25'  36" 9-9992228 

Sine     3    25  36 87765102 


1-2227126 

17-04  log. 1-2314696 

178-   log.  2-2504200 

4-7046022 
3438-       log. 3-5363059 


Natural  number  14-733  = 1-1682963         ^ 

Centre  of  gravity  14-733  inches  below  the  metacentrt.  ^^| 

To  put  a  ship  in  motion,  30°  is  the  proper  angle  for  the  saib  I* 
make  wiib  the  wind,  if  the  wind  is  on  the  beam ;  but  after  the  ship 
kas  acquired  a  progressive  velocity,  ihe  angle  should  be  more  than 
30°,  because  the  velocity  of  the  wind  and  ship  make  the  apparent 
wind  differcut  from  the  true  current.  Experiments  either  by  log. 
or  the  comparative  sailing  of  another  ship  in  company,  must  deter- 
inine  the  most  advantageous  angle  for  the  sails,  and  which,  when 
ascertained,  fhould  be  noted  in  the  log-book,  with  such  remarks  ai 
1 
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may  be  deemed  necessary.  By  the  means  of  such  experiments,  with 

no  expense  and  but  little  trouble,  a  curious  and  valuable  set  of  ob- 

•inratbns  woald  be  made,  which,  when  collected,  might  lay  the 

ftuodation  of  great  improvements  in  nautical  science.    The  writer 

Ibclieves  it  has  never  been  ascertained  what  proportion  the  velocity 

cf  a  vessel  sailing  with  the  wind  on  its  beam  bears  to  the  velocity 

cf  the  wind ;  but  from  an  experiment,  not  pretending  to  great 

aoemac^y  a  fast  sailing  cutter  under  favourable  circumstances  of 

itill  and  smooth  water,  with  the  wind  on  its  beam,  was  found  to 

have  about  two-fifths  of  the  velocity  of  the  wind. 

Whilst  on  the  subject  of  experiments,  the  writer  is  not  acquainted 

frith,  or  aware  that  any  haVe  been  made  to  measure  the  velocity  of 

waves,  although  it  might  be  determined  by  the  following  mode  :— 

If  two  ships  be  in  company,  and  the  height  of  the  truck  of  each  ship 

above  the  surface  of  the  water  be  known,  when  one  of  the  ships  is 

OQ  the  top  of  a  remarkable  wave,  let  the  altitude  of  its  truck  be 

taken  with  a  Hadley's  sextant  by  an  observer  on  board  the  other 

ikqp,  noting  at  the  same  time  the  minute  and  second.   Then,  when 

dk6  vesisel  from  which  the  observation  was  made  is  lifted  by  the  same 

wa?e,  let  the  minute  and  second  also  of  that  be  written  down.  The 

^stance  being  found,  and  the  time  given,  the  celerity  of  the  wave's 

motion  can  be  determined.    It  is  by  experiment  done  that  any 

ntiooai  hope  can  be  entertained  of  formmg  a  true  theory  bx  the 

improvement  of  naval  mechanics ;  for  although  enough  has  been 

done  by  experiment  to  throw  a  bright  twilight  on  the  subject,  yet 

Mill  much  remains  to  be  done  before  the  full  day  sun  may  be  said 

to  iUomiiiate  tiautical  science.    The  usual  rules  given  for  calcu« 

hdng  the  resbtance  of  fluids  are  generally  known  to  be  so  iaade^ 

qoate  for  the  end  in  view,  that  no  reliance  can  be  placed  on  their 

results.  It  is  a  solecism  in  language  to  designate  that  to  be  a  theory 

\   which  does  not  coincide  with  practice ;  and  as  peace  has  taken 

phce,  it  is  much  to  be  wished  that  some  of  the  ptiblic  boards  may 

'   find  leisure  to  attend  to  this  branch  of  nautical  knowledge ;  and,  by 

directing  numerous  experiments,  dispel  the  obscurity  which  hangs 


«    over  the  subject.    //^ 


I  N.B.  By  sahieqwtt  experiments,  the  direct  resistance  was 
^  ibund  to  be  8ome\iiw^  Iess«  (See  Annals  of  Philosophy,  vql^  vi« 
:    P'277.) 
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.    .    TABW;  A,  I 

Posilion  of  the  Smls  with  respect  to  the  Impulse  t^lhe  Atr^  Sight    ] 
Angles.  \ 


4S0'30 
8-573 


I-0860*'4T57 

Meui  ^(poDept,  8-MIO. 

jil^U    85°, 


411    . 

108M  .-  • 


Tm  TdUtuca, |I-0eTe|4-349S|e-SSS8|g-SIMl|l7-6MUn« 

'    aqnaieof aiie><>r>"^ll'0^''T|4-441TlTi)OI3|l»l4o|l8-Me|W-Til 
Heao  EipoMDi,  S-0SS9. 

Angh,  80*. 


llao  RipoBUil,  l-VBOO. 


^fc,  70*. 


Uwa  Eiponent,  1-9S1S. 

^Z»,   65°. 

Tiiw  Twiilaoee ;....l<M)SSO[3-T6S&[&-0(»MS-9380tl5'a»4|Ca 

S«tltUoavtkeM)ui«sfu«.ofuc.|oS9if>ls-«T^|MI|T3l8-«)Mllii-lSim 
M«ui  Expoaeal,  S-OIS^, 

^w^fe,   60P. 


Mun  Eiponemi,  l-OBW. 

Tnui  rahlUM l»Tai9|3'0US|4-W8Ja-8S06|I8'36e|IMfli 

JUaUtuceM(tie^Dai«orMi«..<>rinc.|0''rie7U-00»U-'I3&9la-8«S0|l2-3iS[ie-Mtf 
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TABLE  A,  tmtimud. 
Angle,  50  . 


Velocily  JD  feet  per  leceiid 4 

S 

10 

IS         18         80 

•tnr  nsttlancr 0-66y5 

a-78«5 

4' 1417 

6-2460  IM81  IT-60T 
8-0078  10-803  IT0S4 

Meu  Exponnt,  S-03SO. 


]O-619a|8-4TM[S-STT4|9-0OTS|S-«68O[I5-6OO 

l«dMa9MUthe*qBveofaiic.oflnc.|o-SU0|»«9e7|S-SeM|ft-lI90|9«H6!lV5M 
Mean  EipoiMBt,  «-0t3l. 

^^fa,   40°. 

InwnrirtaMe |O-K18|8-l«4|3'4OiS|4-S4S0|S-9918ll4-OIT 

ttiiHMK«Mthei4ii»reafUB.oriM.|lh4487|l-S4IK|e-B161!l4-S30l|T'80«|lt-WT 
Umu  Bipaanit,  S-OUS. 

^j:/e,    35°. 
faii^rtMfe«<..,...,.-M  |0-4SS1ll-«61[S-88U|4-lfl4llT-M>e|li-MT 

ii*iMitt)i»  ifetqwTOof  M^  of  iBc.|o-s«3|i-4Ta5[e-38Mtf-»tea|e«w|  9-S4« 

Mmu  EipoBCBi,  S038T. 
^Ic^  30°. 

nMraktaDM- I  0-sK|i-4DTT|!-a8n|a-4eM|s-s4S3ii(H)n 

iiibMiimHi  111 f  iri    '■    1  o-eii|i'iias|wwls'U*M4-eoi8t  i-sh 

Mmb  E*p«anU,'S*IOH. 
■AngUt  25°. 

iMraUaKe..,, ,.., 10^9  |I-miT|L-6990|X-«RI|44a(M|S'H8T 

■  illiliM  I L  M  <h«  K'MWof  — «•  o'  ■"c.|(>-lB89|oTtM|l-860a  i-aMeja-MwIft-m^ 
.Mmd  EipoDait,  liMW. 

^ngfe,   20P. 

MtTMfatance < I  O-lSSj  Mn9\  1-OMl  l-»e|  9-S5TI4-5ST& 

■aUuutiitkiiMnofmiic.  ofincl  o-isrl  o-sm|  o«es|  Vim  B-lOSla-SMT 
Mmu  ExpoDcat,  SWW. 

^gic,    IS". 

P~     ~3fl|0-43M|O-nS3|Ch«T4M>^44«tS-T97l 

Man  EzpoBM^  I-964B. 

|04ns|o-fi3ei|045i6io-aouto«sflii-vr9a 

>»rMc-•r<K|(>-osn|o■lS40}(^slfl«j(haoeI|«■»Hijlo■■1W 


Wm KifMMMi  IWM, 
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TABLE  A,  continved. 

Angle,  b". 


4 

00353 
00885 

S 

n-iaaa 

0'0340 

10        ts 

0-1894  ()'25S9 
0OS3C  0-OT78 

16 

0-433 
0-139 



Resistance  ae  Ihe  sqiuire  of  ang.  of  inc. 

o-a» 

Mmi  Expoaeot,  1-1976. 


Eesiilimce  of  the  Arm. 

10 

18-759 

13          IS 

n'533  88-975 

Cfllcniatrf  moliTc  weights  85746 

8-6370 

ttisi 

Mean  Eipooeol,  1-7463. 


TABLE    B. 

Postlion  of  the  Sails  with  respect  to  the  Plane  of  their  M<4\ 
Ajisle  5°. 


so 
i4SM8I 


BoriMBtal  tAacXty  io  fl.  per  cecond 

4 

8 

10 

13 

IS 

80 

WelgklihaHglalheconr,  in  onnces 

4 

9 

8 

16 

' 

7  08 

6-07 

1303 

11-60 

Value  (ifrevohitionB  &  pariB,  in  oz. 

0-I167 
0-0138 

0-45S1 
0-4447 
0-044B 

n-6553 
0-6839 
0-0150 

0-0744 
0-978* 
0-1067 

1-6935 
1-6935 
0-1858 

S'tHHS 

0-ssji 

tUcnlaled  laluce,  diTidcd  by  9-1 12 

Angle,   10°. 

(Mcalated  ivlsn,  in  oz 10-8438|0-8833|l-33fi5ll-8766|  : 

CtOcBlated  >»!■«,  divided  b;9-ll°10-0!eo|o-09G8|o-|4^|0'2059i  I 
MriLD  Exponent,  1-8614, 

Angle,   15". 


Mean  Exponent,  1-9640, 
Angle,  20°. 

|0-4»54|l-6070ia-4181|3-4531| 

i  by9-ll8l0-Oi78|0-n64]0-86a7|0-3790|  ■ 
Menu  ExpoBCot,  1-8885. 


is\«.3 


md  m  Air  a$  a  ^nno/img  Pmvtr. 


lor 


TABLE  B^  contmu$d. 
Angle,  25^ 


i«^ 


HavtsoDtal  Telocity  ia  ft.  per  second 


GOoiteted  Taloeg  in  02 0*4575 

nitolliffi  Y«l«et  dlTided  by  9-112  0-050S 

Utmu  Sxponeot,  2*0S09* 


8 


1*8689 
0*8051 


8-9408 
0*3887 


4*8504 
0-4671 


7*6359 
0*8380 


80 


18*018 
1*380^ 


Angle,  3(f. 

Cikiiltled  raises  in  es 10*5865)8-8351 13*4388|4*8883|  8-5170|13rl09 

tUevkUcd  Tfthiet  dMded  by  0*118lo*06S9|0*8453|0-3773|0-5365|  0-9347|  1*4379 

Mean  Ezpooent,  1*9300. 

Angle,  35^ 

Ctfcikted  fttloes  in  oz |0-6178|8-3999|3*7165r5*3108|  9*3810|14'460 

CUoilated  Yaluei  diti^ed  by  9*1 1910*0677 |0*8634|o*4079|o*5888|  l*0e40i  l*fi89l 

Mean  Exponent,  1*9591. 

Angle,  4€P. 

CriciktedYalnetinoK... |0-7975|8*8086|4-8188|5*8655|  9'8906|14-8SS 

CUciSated  Talaet  diTidcd  by  9*118io-0875|0*3088|o«4688|o-648Ti  1'0854|  1^9 

Mean  Ezponenti  1*8168. 

Angle,  45^ 

Calenlated  Talnes  in  oz .« |0-7O55|8'8196I4*4O47t6*S414|l  1*86971 17-605 

Calculated  valnef  divided  by  9-118|o*0774|0*3094|o*4834lO-6959l  1-83681  1*9381 

Mean  Exponent,  1-9989. 

Angle,  50°. 

CUodated  ndnei  in  ox |8-81O4|S*lS83|4*84O5|6*9075|18*61    I18-708 

Qdodated  valnes  dirided  by  9*1 1 8|o*0889|o*3487|o-53 1810*7581 1  1*3886|  8*058| 

Mean  Exponent,  1'9504. 

Angle,  55^. 

OdodttedTalaet  inoz I0-8179|3*1 51314*865016*9731 1 18-143  118*765 

tikolated Tallies  divided  by  9118|00898|0*3459|0-5S39l0-7658l  l-S8Si|  8-Olti 

Mean  Exponent,  1*9461. 

Angle,  60°. 

<:^kiUted  Talnes  tn  ox |0*8190l3-8S74|5'0S88|T*8330llf*795  119^4 

Cslcilated  Talaes  diTided  by  9*119|o*089d|o-3553|o*5590|0*79S8|  1-4048|  S^lttS 

Mean  Exponent,  1*9886. 

Angle,  63°. 

CUc«!Med  ttAma  fa  os .|0*93M|S*8537|4*8686|6*7(n8Ui-^791H-Ofi5 

«aa«adiTidcd  by9*118|o-10ei|o*357l|o*534Sl0-1W|  i* 

Mean  Eipnmt,  l*i06U 
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TABLE  B,  continued. 
Angle,  70^. 


4 

8 

10 

12 

5-5627 
06105 

16 

0*7636 
0-0880 

2'67Sd 
0*293$ 

4-0009 
0-4391 

9-3568 
1-0268 

Horizontal  velocity  in  ft.  per  second 

Calculated  valnet  in  oz 

Calculatied  valuei  divided  by  9*112 

Mean  Exponent^  I'SQt^. 

Angle,  75®. 

Calculated  v^oes  io  oz |0-6088|20978|S-1240 

Calculated  values  divided  by  9*112|0*0668|q;^l|0-3428 

Mean  Exponent,  1*7847. 


14-1 


4-3254 
0-4747 


7-2277 
0*7932 


1<K 


Angle,  80°. 

Calculated  values  in  oz. 

Calculated  values  divided  by  9-112 

^     /  Mean  Exponent,  l«e907. 


0-4178 
0-0458 


1-348711-9669 
0*14800-2159 


2-67101 
0*2938 


4-35401  61 
0-47781  0-( 


Angle,  85^. 

Calculated  valuelinoz 10*1174 

Caloillatied  values  divided  by  9*112|o-0129 

Jtfean  Exponent,  1*8617. 


0-4267 
0-0468 


0-6467 
0-0710 


0*9077 
00996 


1-5508 
0-1702 


2-! 
Oi 


■M 


ffm 


Article  IV. 

Experiments  on  Prussic  Acid,    By  M •  Gay-Lussac, 

(Concluded  from  p.  52.) 

TV.' Of  the  Combinations  of  Hydro-cyanic  Acid. 

I  flattered  myself^  when  I  set  about  examining  hydro-cyanic  w 
that  I  should  be  able  to  throw  some  light  on  these  corobinatk 
But  the  duties  which  I  have  to  fplfil  obliged  me  to  interrupt 
experiments  before  they  had  attained  that  degi^e  of  perfect 
which  I  thought  I  could  have  given  them.  I  acknowledge  to  c 
mists  the  numerous  blanks  of  which  1  am  myself  sensible,  an 
kope  that  they  will  give  roe  their  indulgence. 

Hydro-cyanic  acid  forms,  as  we  know*  with  bases  simple  \ 
jtriple  compounds,  the  properties  of  which  are  still  very  diniculi 
explain.    I  shall  begin  with  the  first. 

\Ve  cannot  deny  the  existence  of  the  hydro-cyanates;  for 
have  seen  above  that  on  passing  hydro-cyanic  vapour  over  potasl 
barytes,  at  a  temperatur^X)f  a  dull  red,  hydrogen  is  disengaged,  wb 
|>jpves  evidently  that  the  reduction  of  the  aUcali  does  not  take  pb 
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if  it  does  not  take  place  at  a  liigh  tempeiature,  i(  will  not,  A 

'},  take  place  at  the  ordinary  temperature,  and  then  the  acid 

:  to  the  alkali  without  the  disengagement  of  hydrogen.     The 

JrO'Cyanates  are  all  alkaline,  even  when  we  employ  in  their  for- 

'on  a  great  excess  of  acid.  They  are  decomposed  by  tiie  weakest 

and  in  many  respects  are  analogous  to  the  hydro- sulptiurets, 

I  tbey  are  destitute  of  water  iticy  suppoit  a  high  tempcmlure, 

lit  ceasing  to  produce  Prussian  blue  with  the  solutions  of  iron} 

Flo  speak  more  precisely,  they  aie  changed  into  cyanurets  of 

""'es.     But,  in  cotiiactof  airand  water,  they  are  entirely  decom- 

d,  and  converted  into  carbonates.    To  understand  the  constant 

aity  of  the  hydro-cyanates,  we  must  recollect  that  potassium 

jages  from  hydro-cyanic  vapour  a  quantity  of  hydrogen  equal 

at.wliieh  it  would  di.^icngage  from  water,  and  that  the  cyanuret 

ch  we  obtain  forms  an  alkaline  solution  in  water.     We  see,  in 

;,  that  the  potash  formed,  or  which  may  be  formed,  by  means  of 

!  oxygen  of  water,  ought  to  exercise  a  very  strong  affinity  on  the 

^ioD  of  acid,  wliich  contains  hydrogen  enough  to  saturate  its 

o;  but  that  the  action  of  the  alkali  on  the  portion  of  acid 

!  hydrogen  cannot  be  saturated  by  its  oxygen  ought  of  necessity 

)  be  much  weaker  than  the  first.     The  chloruret  of  potassium  gives 

lUl  water  a  neutral  solution,    because  the   quantity  of  chlorine 

pkh  it  contains  can  absorb  all  the  hydrogen  corresponding  to  the 

[en  of  the  potash.     While  witb  respect  to  the  cyanuret,  and 

L  the  sulpliuret  of  potassium,  the  quantity  of  oxygen  which  the 

ll  takes  is  less  than  that  which  corresponds  to  all  the  hydrogen 

ithe  hydro-cyanic  or  sulpbureted  hydrogen  acid  which  the  oxide  is 

qnble  of  neutralizing.     I  believe  that  this  phenomenon  of  alka- 

Haityand  neutrality  Is  general. 

Among  the  simple  hydro-cyanates,  that  of  ammonia  is  the  most 
remarlcable.  It  crystallizes  in  cubes,  in  small  prisms  crossing  each 
other,  or  in  feathery  crystals,  like  the  leaves  of  a  fern.  Its  volatility 
is  such,  tliat,  at  the  temperature  of  7H°>  ''  '*  capable  of  bearing 
a  pressure  of  17'72  inches  of  mercury  ;  and  at  'i'J°  its  elasticity  is 
tqaal  to  that  of  the  atmosphere.  Unfortunately  this  salt  is  charred, 
■ad  decomposed  with  extreme  facility.  Its  great  volatility  prevented 
me  from  determining  the  proportions  of  its  elements. 

If  the  existence  of  the  hydro-cyanates  is  undoubted,  that  of  the 
cjanurets  is  not  less  so.  I  have  shown  that  the  oxide  of  mercury 
vas  reduced  by  hydro-cyanic  vapour,  that  water  was  formed,  and 
consequently  a  cyanuret.  The  compound  which  has  been  called 
pnjssiate  of  mercury  is  likewise  a  true  cyanuret.  At  a  gentle  heat, 
Itallows  cyanogen  to  escape,  and  melts  into  a  reddish-brown  liquid, 
which  becomes  solid,  and  assumes  a  grey  colour,  on  cooling.  This 
last  compound  bears  a  high  temperature;  but  if  air  he  present  it  is 
leduced  to  pure  mercury ;  I  consider  It  as  a  sub-cyunuret.  1  consider 
ts  a  character  of  tlie  cyantirets,  at  least  of  those  whose  existence 
has  been  well  ascertained,  to  allow  cyanogen  to  be  disengaged  when 
th^  are  exposed  to  the  action  of  heat.     I  think  it  very  likely  that 
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the  \vhite  precipitate  obtained  when  a  solution  of  gold  is  mi: 
hydro-cyanate  of  potash,  is  a  metallic  cyanurei.  When 
cjanate  of  potaiih  and  iron  were  mehed  in  a  platinum  crucibi 
kept  for  some  time  in  a  red  heat,  I  obtained  a  brown  mass, 
bemg  dissolved  in  water,  precipitated  abundantly  a  grey  ' 
soluble  only  in  aqua  rcgia,  and  which  at  the  temperature  of 
392°  and  572"  burns  in  the  air  like  phosphorus.  It  contains  a  _ 
deal  of  platinum,  and  is  no  doubt  a  sub-cyanuret  of  that  tnelal, 
The  aqueous  solution,  being  evaporated,  gave  me  first  common 
hydro-cyanate  of  potash,  and  then  a  great  quantity  of  crystals  ia 
acicular  needles,  quite  colourless. 

Mr.  Porrelt  analysed  cyanuret  of  mercury,  which  he  considered, 
with  all  chemists,  as  a  compound  of  red  o:(ide  of  mercury  wkk 
common  prussic  acid,  and  obtained  as  the  result — 

Hydro-cyanic  acid 1 3' 

Red  oxide  of  mercury Se- 


lf we  correct  ihis  analysis,  by  the  consideration  that  the  merent]'   ' 
in  it  is  in  the  metallic  state,  and  that  125-J.  parts  of  it  absorb  J 
oaygen  to  form  red  oxide,"  we  obtata—  ™ 

Mercury 79"9 

Cyanogen 20'1 


Od  calculating  the  proportions  from  the  number  which  e: 
ihe  capacity  of  cyanogen  (3'352),  which  I  have  given  in  a  p 
part  of  this  paper,  we  obtain — 

Mercury     79'9l 

Cyanogen 20-09 

iCO-00 
■mmtiers    which   correspond  perfectly  with  the  analysis  ofS 
Porrett.t     1  shall  not  state  the  proportions  of  the  other  cyanm 

*  This  i;  Ike  rrsult  of  the  analyses  of  Fourcroy  nnd  Thcnard  ;  but  accnrding  M 
tbal  of  rinnnttar  by  I'ron^t,  nnincly,  65  mercury  and  15  suLjjhiir,  nhicb  agrcn 
Kid]  Bome  i!]^i>erimeDts  madi:  by  myEclf,  we  ihould  hate  10  oxygen  and  140  oicr- 


i  'fbeae  Malemenl^a 


Mr.  Porretl'i  analyfiis  gairc 
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100-01 
natabers  very  different  fnMii6ay-LiiiEac'e,aDdatiproadiiDg  PorrBtrs,aDa1y9ii, 
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ud  hydro- cyans  tea,  becaaBC  tlie  capacity  of  latunition  which  I 
hive  given  for  cyaoogen  and  hydro- tjanic  acid  will  enable  cliemiatE 
tD  deduce  (hem  with  facility. 

There  is  no  doubt  that  cyanurets  may  lie  ftnrmed  wiih  the  metab 
but  little  oxidable.  But  is  this  tlie  case,  likewise,  with  the  metals 
which  have  a  strong  affinity  for  oxygen  ?  In  particidar,  what  is  the 
nature  of  Prussian  blue  f 

1  think,  with  M.  Proust,  that  it  contains  no  alkali,  and  (hat  of 
consequence  it  Is  a  iimple  combinaiinn  ;  for  after  having  prepared  it 
wiUiout  alum,  and  well  washed  it,  the  residue  of  its  calcination  gave 
to  water  only  traces  of  alkali.  It  is,  then,  either  a  cyanuretor 
bydro-cyanate  of  iron.  The  question  thus  reduced  is  not  easy  to 
resolve.  I  can  only  state  the  arguments  in  favour  of  each  of  the 
two  opinions  which  may  be  adq>ted. 

On  distilling  Prussian  blue,  after  having  strongly  dried  it,  and 
examining  at  ail  the  periods  of  the  distillation  the  elastic  fluids  dis-  - 
engaged,  we  always  find  present  carbonic  acid  and  hydro-cyanic 
acid,  but  never  cyanogen.  But  if  we  constantly  obtain  carbonic 
■cid,  hydro-cyanic  acid,  and  even  ammonia,  it  follows  thiit  Pnissiaik 
Uiie  must  contain  oxygen  and  hydrogen,  and  therefore  it  is  natural 
10  suppose  that  it  is  a  hydro-cyanate  of  iron.  At  the  same  time,  if 
we  call  to  mind  that  the  cyanuret  of  mercury  does  not  give  cyanogen 
by  heat  except  when  drj',  and  that  when  moist  it  furnishes  exactly 
the  same  products  as  Prussian  blue,  we  may  likewise  suppose  that 
this  last  is  a  cyanuret  of  iron,  hut  that  it  retains  water,  and  that  we 
oaght  to  consider  it,  according  to  the  fine  experiments  of  Proust  on 
ibe  combinations  of  water,  as  a  bydrated  cyanuret.  This  supposi- 
becomes  probable  when  we  consider  that  Prussian  blue  at  the 
It  of  its  formation  is  very  bulky ;  that  on  drying  it  exhibits  the 
phenomena  as  alumina ;  and,  like  it,  retains  water  with  ob- 
icy.  Further,  if  Prussian  blue  were  a  liydro-cyanate,  would  it 
be  very  surprising  that  hydro-cyanic  add  should  yield  to  the 
'[Cstatads  the  alkalies  which  are  much  more  energetic  than  oxide 
XI,  while  it  does  not  yield  that  oiiide  to  the  most  powerful 
J  We  conceive  much  belter  why  the  cyanurets  are  decom- 
posed with  difficulty  by  the  acids.  Thus  cyan<iret  of  mercury  is 
decumposed  by  the  hydracids,  but  not  by  the  acids  containing 
laygen  when  diluted  with  water,  because  mercury  is  not  easily 
oudated.  In  the  same  manner,  cinnabar  and  carburet  of  iron  are 
OM  attacked  by  sulphuric  acid  mixed  with  n-ater. 

Further,  the  same  theory  explains  a  great  deal  better  why  Prussian 
fchie  is  decomposed  by  red  oxide  of  mercury ;  for  if  we  consider  the 
first  as  a  cyanuret,  its  decomposition  by  the  second  is  the  result  of 
the  great  affinity  of  iron  for  oxygen ;  while,  if  we  consider  it  us  a 
l^dro-cyanate,  it  would  follow  that  oxide  of  mercury  separates  an 
tcid  from  oxide  of  iron,  which  is  contrary  to  all  analogy. 

Supposing  Prussian  blue  to  be  a  cyanuret  of  iron,  it  would  be 
cecEinry  to  explain  the  difference  between  tlm  whiw  \«cc'\ij\VWe 
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obtaiAed  by  means  of  hydro-cyanic  acid  and  tlie  proto-salts  of ' 
or,  to  recount  for  the  change  of  the  wlitte  precipitate  into  bin 
the  action  of  oxygen.  I  acknowledge  that  1  have  not  made  a  < 
cient  number  of  experimeots  to  give  a  saiistactory  cxplanatioal 
the  changes  of  colour  of  which  I  have  spukeii  do  not  appear 
iocompatihle  with  the  suppositions  tliat  the  precipitates  of  ' 
cyan  u  rets. 

These  precipitates  might,  according  to  the  opinion  of  Mi 
tbollec,  dilFcr  in  partonly,  in  consequence  of  their  proportic 
as  is  the  case  with  the  two  chlorides  of  mercury.  But  ' 
consider  it  as  most  probable  that  the  white  precipitate  is  a  < 
tion  of  subcyanuret  of  iron  with  hydro-cyanic  acid,  analc 
that  of  sulphurct  of  potassium  and  sulphureted  hydrogen,  ol 
I  have  spoken  above.  When  the  hydrogen  of  the  hydro-cyanic 
is  removed  by  means  of  oxygen  or  chlorine,  we  obtain  a  cy&nuret 
of  iron  containing  the  total  of  the  cyanogen  which  existed  in  tlw 
subcyanuret  and  the  acid.  In  this  ease  the  green  precipitate  formed 
by  chloro-cyaoic  acid  and  the  proto-salts  of  iron  would  be  a  combi> 
nation  of  subcyanuret  of  iron  and  chloro-cyanic  acid. 

As  to  tlic  ochry  residue,  which  Prussian  blue  leaves  when  digested 
with  an  alkaline  tioluiion,  and  nhich  M.  BerthoUet  has  considered 
as  a  subprussiate  of  iron,  it  would  be  a  combination  of  o\idc  of  iron 
and  Prussian  blue. 

I  have  likewise  obtained  a  green  precipitate  without  the  presence 
of  chlorine,  and,  as  1  conceive,  by  means  of  oxygen.  Having  left 
cyanogen  with  water  on  deutoxide  of  lead  and  peroxide  of  man- 
ganese,  it  was  gradually  totally  absorbed,  and  the  water  lost  all 
odour.  When  Iiltered,  it  was  of  a  lemon-yellow  colour,  and  oeutntL 
Inline  disengaged  fioni  it  ammonia  In  abundance.  But  intiriatic 
acid  did  not  show  in  it  the  presence  of  hydro-cyanic  acid  or  of  car- 
bonic acid;  and  barytes  produced  no  precipitate.  This  is  the  liquid 
which  gave  a  green  precipitate  with  proto-salts  of  iron.  It  is  obvious 
that  this  grecQ  matter  Is  different  from  that  which  chloro-cyanic  acid 
forms.  It  is  characterized  by  not  becoming  blue  when  mixed  tvith 
sulphurous  acid.  It  is  no  doubt  Identic  whh  that  into  which  Prussian 
blue  is  changed  by  long  exjiosure  to  the  air. 

Since  ammonia  is  formed  when  cyanogen  acts  upon  moist  minium, 
water  must  be  decomposed.  But  what  becomes  of  the  oxygen  in 
this  case?  What  is  ilie  nature  of  the  acid  which  saturates  the 
alkali?  Has  cyanic  acid  been  formed?  This  does  not  appear 
unlikely;  and  1  hope  to  determine  the  point  by  operating  upon  a 
greater  scale  than  1  have  hitherto  been  able  to  do.  On  evaporating 
the  ammoniacal  solution  of  which  I  spoke,  1  obtained  a  deliquescent 
residue,  which  gave  me,  by  distillation,  carbonate  of  ammonia. 

The  triple  combinations  of  hydro-cyanic  acid  with  the  bases  pre- 
sent difficulties  not  less  than  those  which  appear  when  we  consider 
the  binary  combinations.  Mr.  Porrett,  to  explain  their  permanence^ 
admits  the  existence  of  a  peculiar  hydro-cyaaic  acid,  contaiQin{ 
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lyie  of  iron  u  one  of  its  ooostituentsi  aod  possessing  a  strong 
pittaliziag  power.  He  quoces,  in  support  of  his  opiuion,  a  very 
liirious  experiment.  When  solutions  of  the  hydro-cyanate  of 
grtnh  or  uod  are  exposed  to  the  action  of  a  gah'anic  battery,  the 
j^peyi  alone  appears  at  the  negative  pole,  while  the  hydro-cyanic  ucid 
^  the  oxide  of  iron  appear  at  the  positive  ])o1c.  1  do  not  di«|Hite 
result  of  this  experiment,  which  I  have  not  repeated  ;  hut  is  it 
ideat  to  establish  the  opinion  of  Mr.  Porrctt ;  and  can  wc*  n(»t 
iMaia  in  a  different  and  satisfactory  manner  the  permanence  of  tlic 
i^&bD-cyanates  ?  * 

•  Ilydro-cyanic  acid  is  separated  from  potash  by  carbonic  acid;  and 

Men  to  dus  compound  we  add  oxide  of  iron,  more  puwrrfui  airidi 

Im  Rquired  to  decompose  it.    This  is  known  to  every  iKidy.     itut 

m  mast  observe  that  the  triple  hydro-cyanates  are  antilo^ouH  lo 

flOOMMMi  trqrie  salts,  tiie  formation  of  wliich  supiNwes  n  reciprocal 

"aSoity  between  the  salts  constitutinp:  their  elcmentH.     Alurnimi 

.Ifas  «  striking  example ;  for  its  combination  with  sulphuric  ncid  \h 

knoeutral,  and  less  permanent,  than  tiiat  which  it  fornix  with  this 

Jndand  potash.    The  iion,  it  will  l)c  said,  is  not  precipitated  from 

iktdple  hydro-cyanate  of  potash  by  the  alkalies,  nor  even  liy  iUr 

Um-sulphureU,  which  preci(Mtate  it  from  all  its  otiu*r  ((inihiiia- 

iBDs.    But  magnesia  is  precipitated  by  potash  or  ammonia  fmm  iin 

Mnple  combinations ;  but  it  is  not  wlicn  in  the  slate  oi'  u  tripir  Mih  ; 

.  SDQ  this  is  the  case  with  many  other  bodies.    Jiut  vhu  we  (uhnil 

ihij  wjben  combined  with  acids,  it  increases  their  acidifying  |irm  cr ; 

aUe  we  know,  on  the  other  liand,  that  the  neutrality  of  nruirul 

\  ahs  IS  not  changed  by  combination  ? 

WeiiBve  seen  that  the  hyiiro-cyanate  of  potash  is  alk.'iline  ;  ;i?i'l 
;  «e  have  endeavoured  to  assign  the  cause  of  this.    'i*lii<.  nlkiiUniiy 
'  ibdf  announces  a  disposition  to  form  triple  salts  when  thin  i.hIi 
in  oODtact  with  opposite  compounds  havin^.^  n  ruminon  rlr  • 
Thus  the  hydro-sulpliurcts  dissolve  a  /^ai  niimix  r  ui    iil 
fhnrets;  and  if  these  combinations  were  more  ktndicii^  wr  r.liiiuM 
ioubtlessfiad  that  they  Imve  a  great  analogy  to  the  iii|ilc  UytUv- 
CMnalfiSto 

Weseefinon  the  obsen^ations  which  constituted  the  ohjrTi  t,\'  \\u\ 
aeaxar  that  the  knowledge  of  cyanogen  (;iu:ms  a  new  iirhl  ol  u- 
naehei,  which  will  not  be  soon  exhausted.  Tliii  ;^ns  whrn  ii 
tombines  with  hydrogen,  shows  us  a  n^inatkrihle  c-uiinplr,  :i?h1 
iAlierto  unique,  of  a  body  which,  though  eonijinund,  ;t('i.s  the  |>:iit 
of  asiiBple  substance  in  its  combinations  with  iiydrogrn  nnd  ujclalr.. 
k  fikewase  fills  up  a  gap  in  chemistry,  by  nutkin/^  us  :!'.*(|ii;iinicd 
)ntha  conAinatioo  of  carbcjn  aod  azote,  which  was  hithcrtd  want- 
ing.   I  should  have  wislied  to  have  presented  to  the  attention  of 

*  Qmf-Lwamc  doei  vtft  mentlim  the  proofs  inhich  Mr.  Porrrtt  drought  to  hliow 
tbtnilrncr  nf  <erriii«te4  chyasic  acid.  He  obtiiaod  it  in  a  neparuto  ktoUr,  iui4 
mmiaed  its  properties.— -T. 

Vol.  vm.  N»  II.  H 


/ 


"•114  Experimenls  on  Pruisic  Add.  ^W 

chemists  a  more  numerous  colleciion  of  facts,  and  less  hypolhetii 
but  I  have  already  said  ihut  I  was  obliged  to  inicriupt  my  lubo 
andlliut  1  am  mysel(  aware  of  their  imperfection. 

While  this  memoir  was  in  the  press  1  made  some  experiment! 
the  triple  hydro-cyanaie  of  potash  and  silver,  whieh  1  shall  si 
hecHUse  1  consider  (hem  as  likely  to  throw  some  light  od  the  nu 
of  the  triple  hydro -cyanates, 

1  prepared  a  hydro -cyanate  of  potash  with  an  excess  of  acid; 
by  evaporating  almost  to  dryness,  1  brouglit  it  to  a  determined  s 
of  saturation,  which  is  the  fame  as  that  obtained  by  dis»ol< 
cyanutet  of  potassium  in  water.  After  having  dissolved  it  in  a 
tain  quanlity  of  water,  I  divided  it  into  two  portions,  and  to  on 
them  1  added  a  quantity  of  cyanuret  of  silver  recently  prepared, 
well  washed.  The  solution  look  place  rapidly;  but  the  alkali 
remained  sensibly  the  same  as  that  of  the  other  portion,  whii 
preserved  for  the  sake  of  comparison.  1  then  added  hydro-cy 
acid.  An  additional  quantity  of  cyanuret  of  silver  was  dissol 
and  the  compound  became  perfectly  neutral.  By  evaporatii 
obtained  hexagonal  plates  mixed  with  each  other  confusedly,  wl 
were  very  soluble  in  water.  Their  solution  precipitates  salts  of 
and  copper  while.  The  hydro-chlorate  of  ammonia  does  not  rei 
it  turbid.  Muriatic  acid  disengages  hydro-cyanic  acid  from  it, 
chloride  of  silver  precipitates.  Sulphurcted  hydrogen  produce 
it  an  analogous  change. 

This  compound  is  evidently  the  triple  bydro-cyanate  of  po 
and  silver,  and  its  formation  ought  to  be  entirely  analogous  to 
of  the  other  triple  hydro -cyanates. 

Now  we  have  just  seen  that  the  cyanuret  of  silver,  on  combii 
with  the  hydro-cyanate  of  potash,  does  not  diminish  its  alkalin 
but  that,  in  consequence  of  the  triple  compound  formed,  becc 
capable  of  saturating  itself  completely  with  hydro-cyanic  acid, 
as  amnioniacal  gas  and  carlwnic  acid  gas  form  a  neutral  salt 
means  of  water,  which  however  does  not  possess  saturating  ; 
perties  ;  while,  without  the  presence  of  that  liquid,  nothingis 
produced  but  an  alkaline  salt.  In  fine,  just  as  we  see  a  great  nua 
of  oxides  form  more  neutral  triple  salts,  and  a.oie  permanent  1 
their  binary  salts.  Hence  the  companion  which  1  had  made  of 
triple  hydro-cy  a  nates  with  the  common  triple  salts  appeared  to 
perfectly  just. 

As  we  cannot  doubt  that  hydro-cyanate  of  potash  and  silver 
combination  of  cyanuret  of  silver  and  hydro-cyanate  of  pota^ 
conceive  that  the  hydro-cyanate  of  potash  and  iron  is  likewl 
compound  of  neutral  hydro-cyanate  of  potash  and  subcyamm 
iron,  which  1  believe  combined  with  hydro-cyanic  acid  in  the  n 
precipiiaie.  We  may  obtain  it  perfectly  neutral,  and  then  it  i 
not  decompose  alum;  but  the  hydro-cyanate  of  potash,  whii 
always  alkaline,  produces  in  it  a  light  and  flacky  precipitate,  wi 
u  doubtless  alumina.    To  the  same  excess  of  alkaU  we  miut  as( 
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the  ocbry  colour  of  the  precipitates  which  hydro-cyanate  of  potash 
bans  with  the  per-salts  of  iron.  They  are  combinatioDS  of  cyanuret 
of  iroD,  or  (not  to  allege  too  much)  of  Prussian  blue  and  oxide  of 
iioo.  If  we  make  use  of  a  hydro-cyanate  perfectly  neutral,  we 
obtain  only  blue  precipitates.  However,  they  have  still  that  colour 
when  we  employ  a  hydro-cyanate  slightly  alkaline,  because  the 
solutions  of  iron,  being  always  acid,  saturate  the  excess  of  alkali. 
Thus  the  remarkable  fact,  which  ought  to  fix  the  attention  of  che- 
laists,  and  which  appears  to  me  to  overturn  the  theory  of  Mr. 
Fnrrett,  is  that  hydro-cyanate  of  potash  cannot  become  neutral 
Hcept  when  combined  with  the  cyanurets. 

The  affinity  of  cyanuret  of  iron  for  the  hydro-cyanate  of  potash 
if  at  least  as  great  as  that  of  cyanuret  of  silver;  for  if  we  boil  this 
Int  with  a  solution  of  hydro-cyanate  of  potash  and  iron,  no  change 
ifppeared  to  me  to  take  place. 


Article  V. 

ft 

Oi  ihe  Chemical  Analysis  of  Soils.    In  a  Letter  from  Professor 
Schubler,  oj  Hywyl^  to  Professor  Piciet.* 

SIR,  tiofmyl^  Dee.  10,  1815. 

I HAVB  the  honour  to  communicate  to  you,  in  the  annexed  table, 
j  the  results  obtained  by  the  chemical  analysis  of  the  principal  soils 
-  iwDd  in  the  immediate  neighbourhood  of  the  town  of  Stuttgart, f 
whtcfa  I  examined  during  the  course  of  the  last  summer  with  regard 
to  .their  chemical  and  physical  qualities.    If  these  results  denidu- 
itnte  to  us,  on  the  one  hand,  that  these  qualities  are  often  analo- 
|Dus  in  the  same  kind  of  soil,  they  furnish  us  likewise  with  proofs 
of  die  contrary,  very  striking  and  interesting  to  agHculture ;  exam- 
ples which  prove  sufficiently,  to  what  errors  we  are  exposed  when 
M  judge  of  the  physical  properties  of  soils,  and  their  influence  oa 
vegetation,  simply  by  a  knowledge  of  their  chemical  elements. 

*  Timmlated  fron  t4e  Blbliotkeqat  iBrltanaique  for  Dec.  1815^AgriciiUare, 

r4ii. 

f  fltattgart  it  fttuated  in  a  warm  and  fertile  irall«y  in  the  south  of  Germany, 

vhlch  ap^ens  perpendicularly  into  that  of  ^eckar.    Its  height  above  the  level  of 

ttetMit  between  700  and  800  French  feet.    Its  latitude  is  Is^  46' SO".    Its  meaa 

mycratvre  it  50^    The  nfcan  annual  quantity  of  rain  failing  io  its  environs  be> 

.tem  1807  and  1818  is  84  inches  7*4  lines  French.  Such  researches  made  in  other 

CNMlrles  would  put  it  in  our  power  lo  judge  with  more  justice  of  the  statements 

Mneethifs  the  agriculture  of  dllferent  countries,  and  the  ameliorations  suitable  to 

in.    These  countries  present  pieculiar  modifications,  which  depend  upon  the 

ntwe  of  tke  soil  and  the  climate,    t  haVe  published  more  detailed  researches  on 

tttsRaatloD  and  ctimate  of  SUittgart^  together  with  the  chemical  composition  of 

Ihtecaaatrlet,  in  an\extfact,  entitled,  Versuch  einer  Medicinischen  topographle 

HaStattim,  TOB  Ge«8  tin4  achublcr.  Stuttgart  in  dor  SatUerichen  Buchhandlung. 
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On  th»  Chtntml  Analysis  vf  ^Ou  Wt 

H  wiil^tieal  cUemicnl  experimentf  tlie  loctliad  followed  being  t){ 
tvUl  importance,  it  appears  to  me  essential  to  expl^iii  th^t 
eh  I  have  tmployed  in  cxamioin^  the  kuU,  and  wbicU  I  prefflf 
in  general  as  best  tidnpled  to  this  kind  of  inv£i< ligation,  1  liawi 
already  made  koown  \o  yoM  my  mapiier  of  propeeding  in  my  phjfi 
lical  researchw.* 

1  always  begin  hy  passing  the  soil  Ihrougti  a  screen  after  it  If 
drie«laatl  well  pvilverizfd,  in  order  to  separate  the  stones  and  vega, 

.  able  librei,  of  which  I  uole  the  amount  per  cent.,  provided  1  havf 
isulficient  quantity  of  soil  for  the  purpose.    This  operation  Iwiog 

I  fitishod,  I  proceed  to  sonic  preliiDinary  experimenia,  to  kno^v  bj 

I  weans  of  re-agcots  the  presence  or  absence — 

I     ff.  Of  carbonate  of  lime  (by  aeotic  acid  or  muFJatic  acid,  9^4 

I  ^cipitalion  by  means  qf  oxnlate  of  potash). 

I     b.  Of  sulphate  (hy  boiling  it  wiili  water,  and  examining  tk« 

I  clear  solution  witli  muriate  of  barytes,  oxalate  of  pQtasli,  ottnt^  t^ 

j  ilver,  &c.). 

e.  Of  humus  {by  boiling  with  carbonate  of  potash). 

I     d.  Of  humus  impregnated  with  an  acid,  or  without  «n  acitl  (by 
litmus  paper). 

I  then  dry  a  determinate  quantity  of  the  soil,  usually  400  or  SOO 
grains,  at  a  temperature  of  from  8(1°  to  104°.  I  continue  tjiis  dflt 
siccation  till  the  soil  ceases  to  lose  weight.  1  avoid  exposing  it  to  • 
higher  temperature,  because  tliat  would  readily  destroy  the  humu4. 
Tlie  soils  retain,  it  is  triic,  humidity  at  a  temperature  so  low.  ^ut 
it  has  no  such  influence,  either  on  the  result  of  the  cxpenments,  or 
DO  the  quantity  of  earths  separated,  as  to  lead  into  an  error,  as  I 
dry  these  at  the  same  temperature,  and  I  notice  the  degree  of  forQt 
aith  which  each  soil  retains  nater. 

To  separate  the  lime  1  employ  acetic  acid  diluted  with  wal^j^ 
preferring  it  to  th*  stronger  mineral  acids,  such  as  muriatic  br^ 
nitric  acids,  because  these  usually  dissolve  a  part  of  the  o!tide<tf 
jwn  which  the  clay  of  arable  soils  almost  always  contains.  J  dis- 
cover the  quantity  of  carbonate  of  lime  by  precipitating  with  caiv 
bcnaie  of  potash  ur  of  amitionia.  When  the  soil  contains  magnesw 
U  the  same  lime,  it  remains  in  solution,  notwithstanding  the  pr«r 
cipitation  by  means  of  allialinG  carbonates;  but  it  precipitates  ap 
toon  as  llie  liquid  is  boiled,  a  process  ivhicb  I  continue  as  long  u 
any  carbonate  of  magnesia  continues  to  fall,  I  then  edulcorate  the 
lime  on  filters  of  a  known  weight,  and  conclude  by  drying  and 
(veighing  the  washed  earths. 

I  fiod  the  quantity  of  Lumus  by  boiling  the  soil  with  a  quantity 
of  carbonate  of  potash.  When  an  arable  soil  contains  only  a  few 
per  cent,  of  humusi  >ve  obtain,  hy  boiling  400  or  500  grains  of  soil 
Viib  1^0  or  1.10  grains  of  carbonate  of  potash,  a  solution  of  a  deep 
bnmn  colour.     This  must  be  separated  from,  the  earth  by  means  of 

a  well  weighed  filler.     1  repeat  this  boiling  as  long  as  the  B.lka.Un% 


I 
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On  the  Chaniod  Analg^s  of  Soils. 
solution  retains  its  brown  colour.  Three  or  four  boilings  artffl 
tutficient.  The  quantity  of  humus  ts  found  finally  by  dete^ 
the  loss  of  weight  which  ihe  earth  has  sustained.  We  maj, 
wise,  obtain  the  humus  in  substance  by  precipitalion  by  means  of  ' 
sul^jhuric  acid  and  atcohol.  1  prefer  this  method  of  Ending  the  '' 
proportion  of  humus  to  the  old  one  of  baking  the  soil ;  because  \jf  " 
that  method  not  merely  humus,  but  likewise  water,  charcoal,  ««  '! 
vegetable  fibres,  are  acted  upon,  though  they  do  not  consiiiuie  m  !' 
essential  part  of  the  humus.  Hence  by  this  method  we  are  exposed  " 
to  rate  the  quantity  of  humus  too  high.  I  was  surprised  toseethri  ^ 
Davy  was  not  yet  acquainted  with  the  other  method ;  at  least  hi  ;' 
makes  no  mention  of  it  in  his  last  worli  on  agricultural  chemistry,  ■ 
in  which  he  gives  only  the  method  of  buking.  It  is  to  Professor  > 
Coome  that  the  honour  belongs  of  having  tint  pointed  out  iht  > 
efScacy  of  alkaline  solutions,  and  their  utility  in  accomplishing  iIm  '■ 
object  of  which  we  ate  speaking.  S 

After  the  separation  of  the  lime,  magnesia,  and  humus,  tbe'i 
residuum  consists  usually  of  nothing  else  than  clay  and  sand,  esrilf  I 
separated  from  each  other  by  washing.  Finally,  the  clay  is  decan;  H 
posed  into  silica,  alumina,  and  oxide  of  iron,  by  the  usual  melhodb    ■ 

When  the  soil  subjected  to  examination  contains  sulphate  of  limct  ■ 
boiling  it  with  distilled  water  will  be  sufficient  for  its  separalioB  ■ 
wheH>  the  quantity  is  but  small.  But  when  the  quantity  is  consider- 
able, we  must  have  recourse  to  carbonate  of  potash  to  decompose  it.  1 
-  I  conceive  that  I  ought  still  to  add  the  following  observations  oe  ■ 
the  results  which  the  table  contains : —  '^ 

The  first  five  soils  drawn  from  Ihe  valley  are  composed  of  a  con-  "i 
EJderable  quantity  of  clay,  with  humus,  and  a  small  quantity  of  lime  ^ 
and  Rand.  They  constitute  a  compact  soil,  and  rather  Mitf  than  H 
Jight,  as  the  experiments  on  the  consistence  of  these  soils  demon-  )i 
strate  more  particularly.  They  are  moat  suitable  for  barley  {epaulrr).  * 
Wheat  and  rye  do  not  succeed  so  well  on  them.  J* 

The  four  following  kinds  have  been  taken  from  vineyards.     Thrt  )■ 
contain  less  clay,  but  more  lime,  than  the  preceding,  togeiher  with  p 
k  portion  of  sulphate  of  lime,  and  traces  of  magnesia.     Theirpro-  ■ 
perty  of  retaining  water  Is  much  inferior  to  that  of  the  first  soil^  « 
are  likewise  their  consistence  and  their  solidity.  But  they  retain  hot 
more  strongly.    These  are  the  qualities  which  render  them  favour 
able  for  the  cultivation  of  vines.     Hitherto  the  chemical  elenienn 
of  soils  agree  very  well  with  their  physical  qualities. 

The  three  soils  which  terminate  the  table  are  marls  proper  forllie 
amelioration  of  other  soils.  When  exposed  to  Ihe  air  they  easily 
fall  into  powder.  It  is  clay  which  predominates  in  their  compos- 
tion.  Besides  the  clay  and  thfc  lime,  the  last  contains  five  per  cent, 
of  carbonate  of  magnesia.*  They  contain  no  vegetable  earth.  It 
deserves  attention  that  these  soils,  notwithstanding  their  great  pn>* 

•  1   bBM  round,  likewisF,  another  kind  nf  ilaly  nuirl  in   that  Cduulr;,  vhidl 
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portion  of  clajt  retain  a  much  smaller  quantity  of  water  than  the 
Hher  aoila ;  that  their  consistence  is  weak^  and  their  power  of  re- 
untng  heat  very  considerable.  They  are  often  used  with  advantage 
Q  vioeyardsy  by  rendering  the  soil  lighter,  drier,  and  hotter. 

This  I  conceive  is  owing  to  their,  fine  and  slaty  texture.  When 
liey  lose  this  texture  by  the  slow  effect  of  efflorescence,  they  re- 
over  the  properties  of  common  clay;  I  mean  a  greater  power  of 
staining  moisture,  a  smaller  power  of  retaiqing  heat,  and  a  stronger 
(msbtence.  1  have  even  succeeded  in  bringing  about  this  change 
f  a  mechanical  process,  by  triturating  small  quantities  of  them 
longly,  and  for  a  long  time.  These  phenomena  explain  to  us  why 
lese  mineral  amelioratives  gradually  lose  their  efficacy,  and  require 
I  be  renewed  from  time  to  time.  They  cease  to  be  fertilizing  as 
Mm  as  they  liave  lost  their  slaty  texture,  and  by  efflorescence  re- 
over  the  state  of  common  clay.  Nothing  shows  more  clearly  that 
jib  composed  of  the  same  chemical  elements  may,  in  consequence 
f  the  different  forms  of  their  parts,  and  their  dissimilar  disposition, 
xhibit  likewise  heterogeneous  physical  qualities,  and  an  opposite 
fleet  upon  vegetation.  Perhaps  organic  bodies,  on  the  nature  of 
rhidi  cnemical  analysis  has  hitherto  given  us  so  little  satisfaction, 
loald  exhibit  the  same  kind  of  compositions  if  they  were  subjected 
D  experiments  similar  to  those  which  we  have  explained. 

.  The  chys  separated  from  the  various  soils  do  not  all  contain  the 
■me  proportion  of  silica,  alumina,  and  oxide  of  irop.  From 
eveial  comparative  analyses  I  have  found  the  mean  quantity  of 
liese  ingprdients  In  clay  as  follows :  58*5  silica,  32*5  alumina,  and 
)  Qude  of  iron.  The  clay  of  the  arable  soils  above-mentioned  con- 
tained only  7  per  cent,  of  oxide  of  iron,  while  that  of  the  red 
ifarb  in  the  table  contained  15  per  cent.  In  all  clays  which  I  have 
iiamined,  silica  was  always  the  predominating  constituent. 

The  proportion  of  magnesia  found  in  some  of  these  soils  is 
squally  deserving  of  attention.  It  furnishes  a  new  proof  that  this 
snrth  iQ  combination  with  others  may  have  an  advantageous  efiect 
m  vq;etation.  The  experiments  which  I  have  made  with  small 
IBiDtities  of  the  carbonate  of  magnesia  confirm  this.  Grains  of 
Born  germinate  in  it,  and  grow  for  some  time  with  the  same  vigour 
md  health  as  in  garden  mould,  provided  we  take  care  to  preserve 
be  requisite  degree  of  dryness  or  moisture. 


■       ■   '  ■        /      < 

Article  VI. 


Theorems  for  determining  the  Amount  of  Annuities  increasing  in 

the  constant  Ratio  of  the  Natural  Numbers^  1.2.3 m 

By  Mr.  James  B.  Benwell. 

(To  Dr.  Thomson.) 

SIR, 

I  HAYR  taken  the  liberty  of  qending  voq  the  following  correcti 
tod  I  believe  new,  theorems,  ibrdetennimng  inaW  cases ibfi«moau>a^ 


tntttg  the  Amount  ofAnt^m^ 
of  anouities  certain  wlien  incrcming  tn  ttic  constant  ratia  of  (ba 

natural  numbers  1  .2.3 n,  and  of  the  squares  and  cubei  of 

the  natural  numbers.  This  matter  lias  not  been  properly  illustrateA 
by  any  author  that  I  know  of.  1  am,  therefore,  desirous  to  announce 
them  in  your  Journal,  since  to  readers  who  arc  conversant  with  this 
doctrine  Ihcy  will,  I  conceive,  be  interesting.  Mr.  Baily,  in  hii 
Doctrine  of  Interest  and  Annuities,  has  given  the  investigation! 
relating  to  this  subject ;  but  in  the  several  series  there  made  to 
represent  respectively  the  amount  of  these  annuities,  a  remarkabit 
inconsistency  exists,  the  consequence  of  which  is,  that  the  forinulK 
thence  derived  are  of  no  avikil  in  satibfying  the  objects  of  ouria- 
quiries  when  the  annuities  arc  thus  annually  increasing ;  and  further 
they  are  applicable  to  this  purpose  only  on  the  assumption  of  ths 
annuities  being  actually  decreasing  in  the  order  specified  abo?e;  and 
I  cannot  but  express  my  surprise  that  an  author  who  comments  wild 
so  much  freedom  and  severity  upon  the  scientific  labours  of  his 
contemporaries  should  suffer  such  absurdities  to  disgrace  what,  in 
every  other  respect,  is  a  very  useful  and  popular  performance,  I 
shall  now  proceed  to  give  the  theoiems  themselves ;  in  order  to 
which  I  take  X  (o  denote  the  amount  of  an  annuity  increasingBC- 
cording  to  the  natural  numbers  1  .  2  .  3  . . .  .n,  and  Y  aad  ZthU 
increasing  by  the  squares  and  cubes  of  them. 

Now  putting  j:  to  denote  1  +  r,  the  amount  of  ll.  for  a  yeif, 
and  n  the  number  of  years,  these  several  quantities  will  be  equal  tOi 
and  truly  represented  by,  the  following  different  series  :— • 

X=   71+    fH-  l)a;+    {?!   -2)  x^+    («  -  3)  :c'  +  (s  -  4) 

X*  +  {n  —  5)  x^ x''~' 

Y  =  R«  +  (n  -  1«}  37  +  (m  -  y)  x^  +  (ffl  -  3')  a;3  +  (n  -  4") 

X*  +  {n  ~  !>'')  X* X"-' 

Z  =  7i'  +  (n  -  1')  x+  {n-  2')  X*  +  («  -  3')  x*  +  (n  -  4') 

X*  +  {n  ~  5')  x^ X'-' 

And  the  analytical  expression  for  the  sum  of  each  seriea  will  b< 
respectively, 


As  an  example  in  each  case  when  the  term  is  five  years,  and  raff 
of  interest  five  per  cent.,  we  liavc  for 

X      16-03825G2.'i  

Y      a7-5(>B50625  "^B 


MiCj  R^markalle  Case  of  PaUjf.  121 

B«t  which  numbers,  by.  the  erroneous  process  of  computation  given 
ii  the  work  already  quoted^  would  come  out  successively  for  this 
ttna  and  rote  of  interest^ 

X  17-11553125 
Y  64-0S2 15625 
Z  265-19378125 

The  difference  in  each  case  rapidly  increasing  as  the  tate  cf  i»r 
tncit  and  term  of  yean  increase. 

Fmp^nOf' Old-ttreei  Roadf  JuneS^  1816.  J.  B.  BbHWBLL, 
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Article  VIL 

Remarkable  Case  of  Palsy.    By  Dr,  Cross. 

(To  Pr.  Thomson.) 

81R,  Glasgow,  Matf  18,  ISIO. 

Although  your  publication  does  not  profess  to  take  up  medical 
nbjects,  yet  as  ^^^ts"  may  be  understood  to  comprehend  the 
baling  art,  as  you  have  frequently  admitted  medical  remarks,  aa 
you  must  have  a  partiality  for  things  that  are  medical,  and  as.  the 
namber  of  people  who  are  crippled  for  life,  or  carried  off  by  palsy^' 
continues  to  increase  rapidly,  1  use  the  freedom  of  troubling  you 
with  the  following  case : —  ... 

Glasgow f  April  18,  1816.--*Daniel  M^Kechnie,  petty  officer  in 
the  royal  navy,  unmarried,  aged  S5  years,  five  £eet  five  inches 
hi^,  short  neck,  large  head,  sanguine  temperament,  and  full 
habit;  had  been  15  years  in  service;  nine  of  them  in  the  West 
lodies,  two  in  the  Mediterranean,  and  the  rest  in  home  stations ; 
had  been  always  while  living  in  a  cold  climate  afilicted  with  piles^ 
which  uniformly  disappeared  on  entering  a  warm  climate ;  has  been 
M  far  back  as  he  recollects  habitually  costive ;  since  leaving  the 
service,  in  March,  1815,  he  has  continued  to  eat  and  drink  freely, 
and  has  not  as  yet  betaken  himself  to  any  employment.  He  had  been 
drinking  pretty  freely  for  about  a  week  past  with  some  of  his  shipf 
mates  who  had  paid  him  a  visit,  and,  especially  on  the  Monday, 
Tuesday,  and  Wednesday,  had  been  deeply  intoxicated.  He  hadf 
hofvever,  refrained  from  the  glass  all  the  Thursday ;  bad  in  the 
evening  stepped  into  a  hardware  shop  to  sit  and  converse  with  a  few 
friends ;  and  a  little  after  eight  o'clock,  when  the  shop  was  about 
to  be  shut,  was  reaching  out  his  hand  for  his  hat,  when  in  a  momeoi 
he  felt  himself  *^  quite  overcome  at  the  heart,"  and  became  for  a 
Ai&ate  completely  blind.  After  swallowing  a  little  cold  watec,  he 
tnne  to  himself,  and  soon  felt  refresiied,  and,-  as  he  thought,  quite 
recovered.  However,  on  attempting  to  rise,  his  right  foot  gav» 
v»7  under  bim^  the  rj^t  arm  fatuig  powerless  from  the  thouUeiCj^ 
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and  ihe  fare  was  drawD  towards  the  left  side.  In  this  condition  hi 
was  carried  home.  About  tliree  quarters  of  ao  hour  after  the  atuuk 
1  saw  him.  The  right  exircmiiies,  with  the  exception  of  very  slight 
BiotioD  of  the  humerus  and  femur,  were  completely  paralysed.  Hit 
■peech  wa«  almost  unintelligible.  His  tongue,  when  thiust  out  of 
the  mouth  for  my  inspection,  formed  an  arch,  and  universal  tremoi 
pervaded  his  frame.  From  the  puHiness  of  the  left  temple,  the 
pulsation  of  an  artery  could  not  be  felt ;  the  lancet  was  therefore 
put  in  at  a  venture.  No  blood  having  come,  the  exlernal  jugulir 
vein  was  opened,  and  about  Jiii.  of  blood  obtained  with  difficulty, 
A  vein  of  the  left  arm  was  then  ojiened,  and  3xviii.  of  blood  allowed 
to  flow  in  a  full  stream.  While  the  hlood  was  yet  flowing,  the 
tremoni  disappeared,  and  his  articulation  became  more  distinct.  By 
and  bye  he  becnme  fnintisli,  and  was  laid  in  bed.  After  recovering 
a  little,  he  swallowed  gr.  xxv.  of  calomel!  In  two  hour^  afterwards 
3xiv.  more  of  blood  were  taken  from  the  arm.  Ttus  time  he  stood 
the  bleeding  better. 

^pril  19.  Alorn'mg. — Hi>  face  is  less  drawn  to  a  side,  and  be 
can  now  more  the  whole  right  arm  and  leg,  though  with  consider- 
able dtfliculty.  This  improvement  he  dales  from  a  most  copious 
stool  in  the  night-time.  He  has  had  two  more  stools  since.  Ail 
the  three  had  a  very  dark  colour,  and  most  offensive  smell.  Two 
strong  purgative  pills  were  ordeied.  A  blister  was  applied  to  the 
back  of  his  neck.  His  diet  was  restricted  to  soups,  and  his  drink 
to  water. 

Evening. — He  has  again  lost  the  power  of  moving  the  right 
limbs,  and  the  face  is  considered  more  drawn  to  a  side  ;  ^xviii.  c^ 
blood  were  drawn  in  a  large  stream.  By  the  lime  the  arm  wai 
dressed  he  had  recovered  the  same  power  which  he  possessed  in  the 
morning  of  moving  the  paralytic  limbs,  and  felt  "  more  ligbtsume 
about  the  heart." 

April  20.  Mornivg. — He  continues  to  keep  the  ground  he  fa>d 
gained  last  night.  He  had  free  purging  early  in  the  morning.  He 
is  ordered  to  swallow  Ji.  of  castor  oil. 

Evening. —  He  has  considerably  lost  the  power  of  moving  the 
right  arm,  owing,  as  he  thinks,  to  his  having  exposed  it  too  much 
above  the  bed-clothes.  His  face  is  redder  than  usual ;  ^xiv.  of 
blood  were  drawn  from  the  arm  in  a  very  large  stream.  Soon  after 
the  bleeding  he  acquired  the  power  which  he  ))ossessed  In  the  mora- 
lag  of  moving  the  arm  ;  gr,  xs.  of  calomel  were  given. 

j^pril  21. — Continues  to  improve  ;  Jvi.  of  Epsom  sails,  and  i»i, 
of  Glauber,  arc  ordered  to  be  melted  in  a  chopin  of  cold  water,  and 
a  wine-glassful  to  be  given  thrice  a  day.  He  is  ordered  to  keep  his 
bed,  and  to  encourage  gentle  perspiration. 

He  continued  to  improve,  and  on  the  S^th  was  taken  out  of  bed* 
for  the  purpose  of  ascertaining  how  be  could  walk,  when  to  his 
agreeable  surprise  he  walked  across  tlie  room  without  making  the 
(lightest  halt.  He  was  ordered  to  take  a  wine-glassful  of  the  solutioth 
•very  night  and  morniog  for  at  least  two  months.  .^^H 
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At  this  date  he  is  quite  well^  and  j^ing  about  as  usual,  but  is 
feraerering  in  the  solution. 
Instances  there  have  been  of  spontaneous  recovery  from  heoii* 
f    plegia.     But  here  the  severity  and  the  repetition  of  the  paralytic 
[  iltacks  show  the  fatal  tendency  of  the  dbease ;  while  the  marked 
benefit  that  repeatedly  accompanied  depletion,  or  followed  at  its 
hek,  establbhes  a  manifest  connexion  between  the  treatment  andthe 
neovery.     A  single  case  like  the  present,  although  it  does  not  war* 
not  any  conclusion,  nor  of  course  deserve  any  comment,  is  in  the 
Mc&li  time  worthy  ot  being  recorded  as  a  fact  and  as  a  hint. 
I  remain^  Sir,  most  respectfully. 

Your  most  obedient  servant, 

John  Cross. 


Article  VIII, 

Analysis  of  the  Mineral  Waters  of  Caversham,  Berkshire. 

By  Amicus. 

(To  Dr.  Thomson.) 
Silt, 

1^fi&£  «re  many  mineral  springs  in  this  kingdom,  all  varying  in 
strength,  the  contents  of  which  are  known ;  but  there  is  reason  to 
believe  that^  as  there  is  hardly  a  county  in  England  which  does  not 
eoDtain  some  mineral  water,  some  springs  have  been  passed  over, 
with  their  contents  Wfiknoumy  but  which  deserved  a  better  fate.  If 
t  chemist  could  be  repaid  for  an  analysing  tour  through  Britain^ 
beneficial  results  might  ensue  to  the  community. 

An  old  clergyman  has  been  in  the  custom  of  going  into  Berkshire 
to  drink  the  waters  of  Caversham,  a  village  on  the  confines  of  Ox« 
ibrdshire.  He  fancies  he  derives  benefit  from  such  a  course;  but  to 
put  the  matter  beyond  iancy,  the  following  experiments  were  under* 
tiken: — 

When  first  drawn,  th^  water  is  transparent  and  colourless.  Tem* 
perature  53^  Fahr.  Emits  slightly  the  smell  of  hepatic  air.  Taste 
pimarily  chalybeate,  secondarily  sulphureous.  The  water,  ^fter  a 
lapse  of  a  few  hours,  loses  its  transparency,  assumes  a  brown  muddy 
aimearance,  and  the  Inner  surface  of  the  glass  in  which  it  is  con* 
tuned  is  partially  covered  with  air  bubbles.  By  longer  standing, 
it  Umcs  its  sulphureous  smell,  the  surface  becomes  covered  with  a 
tiun  iridescent  pellicle,  and  a  precipitate  appears  adhering  to  the 
ndes  of  the  vessel. 

The  following  were  the  appearances  from  re-agents : 

1.  Equal  quantities  of  lime-water  and  of  the  mineral  water  being 
irized  together — milkiness,  white  precipitate. 

2.  Concentrated  sulphuric  acid  dropped  into  it'— disengagemtnC 
^  «r  bubbles. 
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3.  The  blue  of  syrup  of  violets  cbanged  to  green. 

I  4.  The  yellow  of  turmeric  chaiigcil  tu  brown. 

■  S.  'J'he  red  of  Brazil  wood  cliaiiged  to  blue. 

B  .  6.  The  infusion  of  galls  produced  black. 

I  •<  f.  The  prusaiate  of  potash  produced  blue. 

fc  8,  The  solution  of  nitrate  of  silver  produced  brown. 

I  9.  A  poriion  of  tlie  water  was  boiled  and  filtered.     Tbcn  en 

riments  1,  b',  "J,  repeated  wiilkout  effect ;  but  in  the  8th  a  sli 
milky  eloudioess  ensued. 

300  cubic  inches  of  the  water  were  bolted  for  x  quarter  of 
hour.  Tiie  gaseous  products  were  found  to  amount  to  37  en 
inches.  The  sulphureted  hydrogen  gas  being  absorbed  byni 
&cld,  the  remainder  proved  to  be  carlionic  acid  giis, 

I  The  water,  when  deprived  of  its  gaseous  contents,  was  filten 

I  -  the  substance  left  on  tlie  filter  weighed  i?  gr. 

The  filtered  water,  by  evaporation,  gave  (a)  carbonate  of  so 

[  {^)  muriate  of  soda. 

L  The  27  grs-  were  dissolved  in  diluted  muriatic  acid,  and  the  i; 

sepurHled  by  ammonia,  which,  being  dried  and  redissolved  in  n 
riatic  acid,  gave,  by  the  addition  of  carbonate  of  potash,  (7)  carbon 

I  of  iron.     Carbonate  of  soda  then  added  to  the  liquor  precipib' 

(5)  carbonale  of  lime. 
Results. — 300  cubic  inches. 

Gaseoiis  Contents. 
I  Cab.  In. 

a  Carhonic  acid  gas   , 33 

h  Sulphureted  hydrogen  gds , 4 

Sdid   Contents. 

Gri. 

«  Carbonate  of  soda 10 

0  Muriate  of  soda ,.     6 

y  Carbonate  of  iron 18 

}  Carbonate  of  lime 9 

43 
For  further  observations  vide  Medical  and  Physical  Journal 
ltJ03. 

Amicus,  olim  Alumnus  Pr«;lbct.  Chkm.  Edis 

laidon,  June,  1816. 

Quare. — In  bow  fur  is  the  above  water  applicable  to  the  purpc 
«r  medicine  f 
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Articub  VL 

On  some  Uquid  CJdmlinations  of  Oaymurkdic  Acid^^ 

By  Daniel  Wilson^  Esq, 

DcmiKG  a  series  of  experiments  made  in  tlie  year  1812^  for  ibt 
purpose  of  (eDdeavooring  to  discover  a  substance  fitted  to  d&KiliAi^ 
the  colour  of  the  turkey-red  dye  by  the  common  ioetbod  of  pritttiAg 
00  the  dbth)  1  had  occasion  to  combine  oxymuriatic  acid  gas  widl 
leveral  of  ih&  earthy  and  metallic  bases^  llie  difficulty  of  forming 
some  of  these  combinations  induced  me  to  attempt  their  producdM 
by  means  of  double  decomposition ;  and  I  found  that  in  this  magnet 
oxymuriatic  acid  might  be  combined  with  nearly  all  the  substntices 
whidi  form  soluble  salts  with  those  acids  that  make  insolttbk  coot* 
{KMiiidB  with  lime. 

•  And  although  I  did  not  succeed  in  forming  4  substance  in  tvexj 
nspeet  fitted  for  the  purposes  of  calico  printings  I  had  the  satisfac- 
tioa  to  discover  a  combination  which  has  since  then  been  used  ex* 
tensively,  instead  of  a  ^ution  of  oxymuriatic  acid  gas  in  water,  -ia 
discharging  the  colour  of  turkey-red  cloth  by  means  of  the  press* 

Oxymuriatic  acid  is  employed,  in  the  arts^  in  its  pure  state^aad  ki 
combination  with  potasii^  soda^  lime,  and  magnesia*  But  oxymu*- 
liate  of  Ikne  has,  from  its  cheapness,  superseded  in  a  great  aietsure 
the  use  of  the  oxymuriates  of  potash  and  soda ;  and  the  magnesitin 
combination  is  only  employed  in  clearing  the  grounds  of  printed 
cotton  stuffs,  from  its  injuring  the  colours  less  tlian  any  of  the  other 
oxjrmurmtes^  because  all  the  rest  generally  contain  an  excess  of 
tee,  which  acts  on  the  more  delicate  shades.  If  this  exdess  i^as 
saturated  ^ith  muriatic  acid  before  the  solutions  were  used>  they 
Would  be  all  equally  inactive.  The  oxytnuriate  of  m«^nesia  is  pfe^ 
pared  in  the  same  manner  as  that  of  lime>  by  passing  the  gas  into  a 
receiver  containing  magnesia,  either  in  a  dry  state,  or  ncioistebed 
with  water.  But  the  high  price  of  magnesia  has  hitherto  prevented 
it  from  being  much  employed.  I  shall  afterwards  describe  a  method 
of  preparing  it  by  which  it  will  cost  very  little  more  than  any  of  the 
other  oxymuriates. 

The  turkey-red  dye  resists  the  action  of  oxymuriatic  acid  in  Cdm- 
Uoation  with  any  of  the  bases  hitherto  employed ;  for  that  reason  « 
aolatioD  of  oxymruriatic  acid  gas  in  water  is  used  in  order  to  dis- 
<(harge  it.  This  is  prepared  by  adding  sulphuric  or  muriatic  acid  to 
a  solution  of  the  oxymuriate  of  lime.  Tlie  muriatic  aeid  has  the 
advantage  of  not  oceasioning  any  precipitate^  and  therefore  OMiy  be 
io^ediately  used. 

Bttt,  owing  to  the  solubility  of  this  substance,  it  eannot  be  applied 
to  the  cloth  in  the  usual  matmer  of  oalico  printing.    A  peouliar 
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method  hai,  ihereforc,  been  resorted  lo,  which  1  ahall  here  d 
describe.     A  plate  of  lead,  about  three  feet  square  and  oiu 
(hick,  is  perforated  witli  holes  of  the  shape  of  the  pattern  intn 
to  be  discharged.     The  upper  surface  of  this  plate  is  made  p 
smooth,  and  it  is  securely  fixed  on  a  level  in  a  cast-in 
Another  lead  plaie,  perforated  precisely  in  the  same  tnaniii 
attached  to  the  end  of  a  sciew,  and  suspended  over  the  one  4 
is  fixed  ill  the  iron  frame.     The  upper  part  of  this  screw  is  «"' 
by  passing  through  the  centre  of  a  ca-t-iron  arch,  which  fom 
of  the  frame,  and  passes  over  the  middle  of  both  plates.  Thcd 
is  worked  by  a  lever.     In  some  presses  the  upper  pkte,  ifMlfl 
being  lead,  is  made  of  cast-iron,  having  hollow,  brass  types4 
firmly  in  it,  and  fitted  to  the  pattern  plate  below.     I  belies 
lead  is  considered  to  be  better. 

When  a  piece  of  cloth  is  intended  to  be  discharged, 
roughly  wetted,  and  the  water  again  wrung  out,  so  as  only  lo  Itnve 
it  damp.  It  is  tlien  folded  on  a  smooth  table  into  squares  the  size 
of  the  press,  and  about  eight  or  ten  folds  in  thickness.  'I'he  |Hece 
of  cloth  thus  folded  is  spread  smoothly  between  the  two  plate^ 
resting  on  the  surface  of  the  under  one.  'I'he  upper  plate  is  thea 
screwed  down  with  considerable  force ;  and  it  is  so  constructed  (bj 
means  of  guides)  that  when  the  plates  are  in  contact,  the  boles  id 
the  one  shall  coincide  with  the  holes  in  the  other.  The  solution  of 
osymuriatic  acid  in  water  is  now  poured  on  tlie  top  of  the  upper 
plate,  which  is  furnished  with  a  small  rim  to  prevent  it  from  run- 
ning off.  This  solution  begins  in  a  few  minutes  to  drop  from  the 
apertures  of  the  under  plate,  having  percolated  through  the  diSe> 
rent  folds  of  cloth,  destroying  the  colour  in  its  passage.  When  M 
the  discharging  liquor  is  passed  through,  a  weak  solution  of  soap  ot 
of  carbonate  of  soda  is  poured  on,  and  allowed  to  run  off,  in  order 
to  neutralize  any  acid  that  might  remain.  Buckets  of  water  are 
afterwards  dashed  all  over  the  press,  the  upper  plate  unscrewed,  and 
the  piece  of  cloib  taken  out  and  thrown  into  water. 

It  will  then  be  seen  that  the  pressure  on  the  surfaces  of  the  platei 
has  prevented  the  liquor  from  peoetraitng  beyond  the  edges  of  the 
apertures,  and  that  no  part  of  the  cloih  is  whitened  cscept  tb^ 
figure  of  the  pattern  in  the  press,  which  will  be  found  to  be  equally 
through  all  the  folds.  ' 

Considerable  improvements  have  lately  been  made  in  the  con- 
struction of  the  discharging  press  by  using  thin  moveable  lead 
plates  instead  of  the  fixed  ones  formerly  employed,  which  admits  cif 
the  pattern  being  changed  at  a  less  expense.  And  by  the  new 
method,  instead  of  each  piece  being  separately  folded  into  squares, 
10  or  ]:;  pieces  are  spread  at  full  length  above  one  another  on  a 
table;  and  the  discharging  is  commenced  on  one  end  of  these 
pieces,  which  are  regularly  drawn  through  the  press  into  a  trough 
of  water  accordingly  as  they  are  discharged. 

The  noxious  vapour  exhaled  liy  the  solution  of  oxymuriatio  acid 
>s  highly  deleterious  to  the  bealth  of  the  norkmen  employed  ii 
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Some  means  of  fixing  these  suHbcating  fumes  wiihout 
■ring  the  npidity  of  tlietr  aciion  lias,  therefore,  )oiig  been  an 

jvement  very  much  desired. 
I  have  found  that  ihe  discharging  power  of  the  oxymuriates  is  ii 
jonion  to  the  affinities  existing;  between  their  component  parts|V 
^  that,  on  account  of  its  weak  affinities,  alumina  possesses  all  tfallA 
ycperties  necessary  for  such  a  purpose. 

This  combination  is  prepared  liy  adding  to  a  clear  solution  of  tbt' 
MT^uriaie  of  lime,  in  water  of  the  specific  gravity  1*060,  a  soloii 
lioB  of  alum  of  the  specific  gravity  1  ■  lUO,  as  ton^  as  any  precipitat 
is  occasioned.     On  the  addition  of  the  alum  a  slight  smell  of  ox< 
tnurialic  acid  gas  will  he  jierceived,  and  a  copious  white  precipii 
will  appear,  and  full  to  the  hottoin  of  the  vessel,  leaving  the  tiqt 
m  ihe  top  clear.    This  is  to  lie  separated  from  the  deposited  sul 
itanoe,  and  kept  for  use  in  close  ves!«els.     The  precipitate  may  " 
iKerwards  washed  by  a  quantity  of  water  until  all  the  soluble 
parated. 

double  decomposition  has  here  taken  place,  sulphate  of  Hi 
ig  precipitated,  and  oxymuriate  of  alumina  remaitiitig  dissolvi 
;ibe  liquor. 

In  the  same  manner  oxymuriate  of  magnesia  may  be  formed 
tddiug,  in  place  of  the  sulphate  of  alumina,  a  solulioo  of  the  si 
phate  of  magnesia. 

The  oxymuriate  of  alumina,  when  compared  with  a  solution  of . 
oiymuriatic  acid  gas  in  water,  will  be  found  to  possess  many  advaiK 
bges  in  discharging  the  colour  of  the  turkey-red  dye,  besides  itt 
being  free  from  any  noxious  exhalation.  The  latter,  from  the  ua- 
combined  acid  which  it  contains,  acta  on  the  metals  of  the  press, 
ODd  often  OL'casioos  black  spots  ou  the  cloth.  And  the  texture  of 
die  t'luff  b  also  injured  by  the  action  of  the  acid,  which  ii  very 
apparent  from  the  discharged  part  being  always  the  first  destroyed 
by  wear.  The  combinuiion  which  I  have  here  described  contains 
free  acids,  and  is  not  in  the  least  injurious  to  the  cloth. 

Tbe  rapidity  of  its  action  is  also  greater  than  a  solution  of  avf' 
murialic  acid,  because  the  alumina  fixes  more  of  the  gas  than  water 
would  condense  alone  ;  and  does  not  seem,  although  combined  with 
it,  to  take  away  any  of  its  discharging  power.  The  liquor  prepared 
at  the  gravities  which  I  have  before  specified  will  bear  to  be  diluted 
with  several  times  its  bulk  of  water ;  or  If  used  at  the  full  strength, 
the  runnings  from  the  discharging  press  may  be  saved,  and  a{ 
employed. 

The  oxymuriate  of  alumina  may  also  be  used  advantageously  in 
the  b'c'*(^'><"g  ^^  '■■'c  linens,  when  it  becomes  an  object  that  no 
lime  should  be  fixed  in  the  fabric  of  the  cloth,  which  is  always  the 
case  when  the  oxymuriate  of  lime  is  employed,  as  it  contains  an 
excess  of  base.  In  the  bleaching  ul*  cloth  which  is  afterwards  to  be 
dyed  of  a  colour  of  which  alumina  forms  the  mordaunt,  it  will  be 
found  of  considerable  importance,  as  the  alumina  will  to  a  certaia 
^ptdt  combine  with  the  cloth,  and  prepare  it  for  receiving  the  dy«. 


I 


I 


J28       On  some  liquid  Comlinalions  of  Oxy muriatic  Acid, 
iiut  ivhen  the  base  of  the  oxymuriute  is  lime,  and  it  fise»  ■ 
cloth,  Etracif;  acid  eoIuiIods  must  be  eniploytd  to  extract  it,  i 
has  a  tendency  to  injure  the  brilliancy  of  several  dyed  coloui 

In  some  cases,  where  in  printing  works  pure  alumina  is  re 
it  may  be  precipitated  by  potash  from  the  muriate  vf  si 
which  resulis  from  the  action  of  the  oxymurlate  in  the  pi 
bleaching. 

Various  other  applications  will  surest  tliemselvcs 
men ;  and  it  may  often  be  found  expedient  for  them  to  prodt 
means  of  doubk  decompu^ition,  u  variety  of  the  earthy  and 
oxymuriates,  and  to  employ  Iheiii  respeclively  in  bleacl 
subsianccB  which  are  afterwards  to  he  saturated  by  a  moi 
the  Hime  description.     Where  the  sulphate  of  suda  is  a  wi 
duum,  as  it  is  in  tliose  bleaching  wtirks  in  wiiich  the  osymui 
UnK  h  prepared,  it  will  in  all  cases  be  found  advantageous 
veit,  by  means  of  double  decom position,  tlie  solution  of  oxyi 
of  lime  into  that  of  soda. 

But  notwithstanding  any  improvements  which  may  be  mad«  ia' 
the  materials  employed  in  discliai^ing  the  turkey-red  dye  by  means 
of  the  press,  it  will  immediately  be  perceived  that  this  clum^ 
operation  admits  of  little  or  no  variety  of  patterns.  A  repetition  of 
spots  bordered  by  a  stitf  wave  forms  its  utmost  estent.  On  thecOl^' 
Irary,  if  the  discharging  substance  could  be  thrown  on  the  clotli  hy 
means  of  s  copper  plate,  the  most  delicate  outlines  would  be  pre- 
served, and  an  endless  variety  of  pattertiB  be  formed  at  a  modente 
expense. 

A  patent  has  lately  been  obtnioed  for  a  method  of  accompli^lng 
this,  which  Is  both  simple  and  ingenious. 

The  combinations  of  oxymuriatic  acid  arc  decomposed  by  all  tlM 
RiinemI,  and  almost  all  the  vegetable,  acids.  Tiiis  circumstance  hn 
been  rendered  sufjservient  to  the  discharging  of  torkcy-red.  A  pig- 
ment composed  of  citnc  acid  or  supersulplmte  of  potash  is  printed 
on  the  cloth,  which  is  afterwards  immersed  in  s  solution  of  the  osy- 
muriate  of  lime.  The  oxymu  riatio  acid,  being  disengaged  On  all 
those  parts  of  the  cloth  where  the  citric  acid  has  been  printed,  in- 
stantly destroys  the  colouring  matter,  and  leaves  it  while,  whilst  ibe 
test  of  the  cloth  is  merely  brightened,  the  oxymurlate  of  liinc  Hctia^ 
on  the  colour  but  very  slowly. 

This  method  has  been  found  to  succeed  extremely  well  when  the 
pattern  to  be  discharged  is  small ;  but  in  large  p;iiteros  the  dis- 
charging matters  extend  themselves,  or  run  at  the  edges,  which 
prevents  the  figure  from  being  well  defined.  For  ihis  reason  it  is 
Dot  ■pplicnble  to  larg'c  pBttems;  and,  besjdesj  the  waste  of  matemls 
cetidcrs  it  too  ffxpensive  for  it  ever  to  become  general. 

A  strong  solution  of  the  oxymuriate  of  alumina  thickened  mth 
pipe-ciay  may  be  empkiyed  as  a  printing  discltarger  of  luiiiey-reii. 
The  best  method  of  applying  it  ia  by  means  of  a  leaden  cyliiider, 
and  the  cloth  after  passing  throogb  which  must  be  made  to  enter  4 
stove  heated  to  150°  Fahr.     This  will  imiBediately  c«ue«  itie  aol«Br 
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to  be  destroyed.  In  some  cases  it  may  be  also  applied  by  a  blocks 
in  the  manner  of  sieve  printing.  But  this  is  rather  a  disagreeable 
operation,,  from  the  high  degree  of  heat  required  to  excite  an  im- 
mediate action. 

A  vety  small  quantity  of  the  discharging  matter  ought  to  be  pre- 
pared at  once,  not  more  than  what  will  last  five  or  six  minutes. 
ihe  solutions  of  oxymuriate  of  lime  and  of  alum  should,  therefore, 
De  always  at  hand. 

This  compound  may  also  be  applied  to  the  discharging  of  a  variety 
)f  other,  colours.  But  in  the  common  operations  of  calico  printing 
there  are  some  inconvenit^nces  attending  its  use,  which  the  inge- 
Miity  of  operative  men  may  possibly  overcome.  An  unobjectionable 
method  of  discharging  turkey-red  has  not  yet  been  discovered;  until 
that  takes  place,  it  will  be  found  of  advantage  in  the  art.  But 
with  regard  to  its  application  to  discharging  with  the  press,  a  sub- 
stance bbtter  adapted  could  hardly  be  desired.  Its  adoption  in  this 
process  will,  therefore,  most  probably  be  both  general  and  perma- 
nent 


Article  X. 

On  Safsty  Lamps  for  CoaUMines.    By  J.  H.  H.  Holmes^  £sq. 

Having  bestowed  a  considerable  time  in  investigating  tde  col- 
of  Durham  and  Northumberland,  and  endeavoured  to  avail 
myself  of  every  information  which  may,  when  public,  tend  to  give 
Bore  security  to  the  persons  employed  in  the  dangerous  profession 
of  miniag,  I  beg  leave  to  offer  a  few  observations  upon  safety  lamps^ 
These  I  have  uniformly  examined  with  caution ;  and  a  scrutiny 
vliich  is  alone  justifiable  from  the  dreadful  efiects  which  may  be 
expected  firom  introducing  instruments  into  a  mine  not  calculated  to 
contend  with  the  circumstances  which  will  always  exist  there. 

Dr.  Clanny's  original  insulated  lamp  could  not  be  productive  of 
diDger  when  carried  for  the  purposes  of  exploring,  with  steadiness 
md  care ;  but  under  any  other  circumstance,  such  as  working  the 
nines,  &c.  it  was  liable  to  be  upset,  and  be  deprived  of  the  water 
which  forms  its  valve.  This,  however,  he  has  now  remedied,  and 
icndered  the  apparatus  much  more  portable.  This  Grentlemad, 
vhose  indefatigable  exertions  for  eight  years  in  the  cause  of  the 
Hiiners  entitle  him  to  the  gratitude  of  the  community,  has  siiice 
invented  other  lamps,  and  I  have  just  received  one  made  for  the 
porpose  of  burning  either  with  oil  or  gas ;  but  not  having  experi- 
aented  upon  it  myself,  or  seen  it  experimented  upon,  I  forbear  for 
die  present  to  ^ve  my  opinion. 

Mr.  Rjran  made  a  lamp,  by  which  he  prevented  the  water  from 
V*liiog,  by  having  it  perfectly  secured,  and  the  glass  cylinder  sur* 
irandedand  attached  to  the  bottom  by  a  stuffing  box.  By  this  lam^; 

Vox..  VIII.  N^IL  I 
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the  burnt  air  or  azote  floated  on  the  surface  of  the  air  sent 
bellows  for  combustion,  and  was  from  thence  propelled 
pipe,  through  the  water,  so  as  to  escape  at  a  valve  below.     It 
considerably  from  Dr.  ClMnny's  in  make  ;  hut  Mr,  Ryan  wishes  me 
to  acknowledge  that  it  was  from  Dr.  Clanny  he  obtained  the  pnn* 
ciple, 

I  examined  Mr.  Stevenson's  lamp,  at  the  time  it  was  presenlKl  to 
the  Literary  and  Philosophical  Society,  at  Newcastle.  This  lamp 
had  B  number  of  small  holes  made  in  copper  at  the  bottom  to  admit 
air  for  combustion,  and  was  extremely  light  and  portable.  WhM 
1  saw  the  apparatus,  and  the  inventor,  who  could  not  account  fii 
the  principle,  I  was  astonished  at  his  having  been  in  a  mine  with  il, 
but  am  willing  to  believe  thai  lie  so  stated  the  fact;  thougli  I 
always  wish  in  these  cases  to  have  the  law  and  operation  of  natait 
demonstrated. 

The  alteration  that  Sir  H.  Davy  has  made  on  this  lamp,  lij 
weaving  the  boles,  instead  of  having  them  punched,  makes  the  in- 
vention no  better,  in  my  opinion ;  as  1  cannot  find  that  even  thil 
distinguished  chemist  has  been  able  to  explain  why  flame  will  Bot 
flow  through  small  apertures, 

Mr.  Ryan  says  that  he  never  would  permit  the  workmen  undef 
bim  to  use  the  steel  mill,  as  il  was  known  to  explode;  from  which 
circumstance  those  that  use  it  were  always  in  fear.  When  Mt. 
Buddie  and  Mr.  Ryan  went  down  the  Hepburn  Pit,  Mr.  B.  did  BOl 
dare  to  bring  it  within  20  yards  of  a  blower.  I  would  then  ask,  In 
what  situation  must  the  miner  be,  when  he  has  no  other  Hghti 
and  cuts  a  blower  ? 

On  arriving  in  Ix>ndon,  Mr.  Ryan  got  a  small  lamp  of  an  inch 
diameter  on  Sir  H.  Davy's  improvement,  which  he  exposed  to  or- 
bureted  hydrogen,  but  found  it  would  not  explode.  He  then 
sprinkled  some  coal  dust,  which  it  would  have  to  encounter,  ^ 
ttiere  is  a  continual  atmosphere  of  coal  dust  in  a  mine.  He  lighieii 
the  lamp,  and  held  it  over  a  gas  pipe,  and  by  throwing  in  dust  fouad 
it  ignite  the  gas  on  the  outside.  On  repeating  the  experiment 
several  times,  the  same  results  were  produced. 

Knowing  tl  :it  powder  is  used  in  mines  in  order  to  blast  the  coa1| 
and  that  much  of  it  is  frequently  S{nlled,  he  subjected  It  to  some 
coal  dust  mixed  with  a  small  quantity  of  powder,  and  found  it  ex- 
plode regularly. 

On  Mr.  Ryan's  mentioning  the-ie  circumstances  to  me,  he  con- 
curred in  objecting  to  the  experiments  as  unfair,  from  having  been 
practised  upon  a  lamp  of  only  one  inch  in  diameter.  Having  |)!»- 
cured  one,  however,  from  Mr,  Newman,  in  Lisle-street,  I  pfo* 
ceeded  yesterday  morning,  wilh  Mr,  Ryan,  to  the  Gas  Worksilt 
Dorset- St  reel,  where  we  tried  the  lamp  under  a  variety  of  circum- 
stances, in  the  piesence  of  Mr.  J.  Wheatcrofi,  Mr.  May,  Mf« 
"Pitcher,  and  Mr,  Morris,  who  all  bore  testimony  to  the  esperi- 
ments. 

I  tried  it  first  over  a  small  gas  tube,  with  coal  dust  and  powdef* 
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which  igaited  the  gas  outside  ;  Dext^  with  coal  dust^alone^  which^ 
ifter  repeated  trials,  produced  the  same  results^  and  left  aa  inflam- 
DMtion  at  the  end  of  the  tube. 

On  inverting  a  tea-cup  over  the  cylinder,  so  as  to  produce  a  slight 
ioinpression  on  the  gas,  it  exploded  from  coal  dust  several  times. 

We  then  went  to  a  chemist's,  and  forced  some  gas  from  a  bladder 
gainst  one  side  of  the  cylinder^  while  gas  from  another  bladder  was 
;enUy  pressed  on  the  opposite  side ;  in  a  short  time  the  gas  on  the 
mtside  inflamed ;  this  I  compare  to  a  blower,  although  the  power 
fe  were  able  to  use  was  very  inferior  to  what  would  be  given  by  the 
elocity  of  a  blower  under  ground. 

I  have  entered  thus  fully  upon  this  subject  in  the  hope  that  some 
ble  scientific  characters  will  give  further  elucidations.  And  I  con- 
ader  Mr.  Ryan's  System  of  Ventilation  as  calculated  to  obviate,  in 
;he  greatest  degree,  all  the  dangers  arising  from  caibureted 
Hydrogen  and  carbonic  acid  gas. 

I  found  that  the  flame  of  the  wick  would  not  penetrate  t^:e  gauze 
cylinder,  but  the  inflammation  of  the  gas  would^  when  re-acted 
apoQ  by  a  strong  current  of  air. 

I  have  been  induced  to  make  these  experiments  more  particularly, 
fiom  the  circumstance  of  Sir  H.  Davy  having  been  named  in  the 
House  of  Commons  as  entitled  to  Parliamentary  reward  for  them^ 
tiid  from  a  desire  to  show  that  my  objections  against  his  plans  have 
not  rested  upon  any  personal  prejudice,  but  upon  convictior.s  of 
ibeir  insecurity ;  at  the  same  time  that  I  assert  the  precedence  of  my 
friend  Dr.  Clanny,  and  of  Mr.  Stephenson,  to  a  claim  upon  the 
eoantry  in  this  instance ;  and  as  every  means  has  been  taken  to 
hinry  Sir  H.  Davy's  pretensions  before  Parliament,  I  feel  myself 
juitified  in  adopting  this  means  in  support  of  truth  and  justice. 

Jdtm^treei^  JtiiMS6,  1816.  Jt   H.   H.   HoLHES. 
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A  System  of  Mineralogy.  By  Robert  Jameson,  Professor  of 
Natural  History  in  the  University  of  Edinburgh.  Edin.  1816. 
Three  volumes,  8vo.     Second  Edition. 

The  first  edition  of  this  work  was  published  in  1804  and  1805^  in 
^  octavo  volumes,  at  a  time  when  mineralogy  had  been  but  little 
cdtivated  in  this  country,  and  when  we  were  possessed  of  scarcely 
toy  other  mineralogical  work,  except  the  System  of  Kirwan.  Some 
Wy  extraordinary  attempts  were  made  to  run  down  that  edition,  by 
ft  set  of  men  who  confounded  petulance  with  argument,  and  mis- 
took arrogant  ignorance  for  genius.    They  found  the  author  guilty 
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of  introducing  German  idioms  into  t!ic  English  language,  i 
using  many  words  which  could  not  be  found  in  the  writings  ai 
son  and  Swift.  Tliese  circumstances  were  laid  hold  of  with 
ingenuity,  and  made  the  groundwork  of  one  of  the  most  il 
invectives  ever  published,  even  in  this  country,  where  par^ 
and  abuse  may  be  considered  as  in  some  measure  interwoven 
our  habits.  The  merits  of  the  work  itself  were  never  toucht 
nor  was  any  account  given  of  the  Wernerian  mode  of  dea 
minerals ;  because  that  would  have  required  some  knowledge'4 
subject,  which  the  authors  of  the  invective  in  question  probaMJ 
not  possess.  But  ihis  immoral  attempt  entirely  failed  oi  the  ol^e#^ 
which  its  authors  had  in  view.  Their  purpose  seems  to  have  been  to 
destroy  the  reputation  and  credit  of  ihe  author ;  but  both  his  reputa- 
tion and  authority  have  been  ever  since  on  the  increase,  and  he  is 
now  universally  allowed  to  siand  at  the  head  of  mineralogy  in  Grtat 
Britain. 

The  present  edition  will  be  found  to  be  a  very  great  improveiMDl 
upon  the  former,  and  indeed  is  one  of  the  most  complete  worki 
of  the  kind  that  has  hitherto  appeared.  It  contains  a  vast  body  of 
facts,  collected  from  a  great  variety  of  sources ;  and  in  general  the 
authors  to  whom  Mr.  Jameson  is  indebted  have  been  fairly  cited' 
In  this  respect  he  constitutes  a  very  striking  exception  to  the  con> 
duct  of  some  late  writers  in  this  country,  who  have  pillaged  tbdc 
predecessors  without  any  acknowledgment  whatever.  That  undue 
veneration  for  Werner  and  German  mineralogists,  which  induced 
him  in  the  first  edition  not  to  give  place  to  any  mineral  in  ihfl 
system  till  it  had  been  admitted  by  Werner  and  his  school,  has  be<D 
very  properly  laid  aside.  In  the  present  edition  every  new  mineral, 
by  whomsoever  described  and  discovered,  is  admitted  Into  the 
system,  provided  it  possesses  distinct  characters.  I  have  only  ob- 
served in  the  whole  work  one  example  of  what  I  consider  as  an  im- 
proper degree  of  deference  to  the  German  school.  Mr,  Clasoo  and 
Henry  Galin,  of  Fahlun,  discovered  a  mineral  in  the  mine  of  Bjelkt, 
io  Vermeland,  in  Sweden,  which  was  first  described  by  Assessor 
Gahn,  and  received  the  name  oi pyrodmalile,  because,  when  heated, 
it  gives  out  the  odour  of  muriatic  acid.  Karsten  changed  the  name 
to  pyrosmalile,  an  alteration  likewise  adopted  by  Berzelius.  Kantes 
states  this  mineral  as  a  muriate  of  iron  slightly  mixed  with  silica,  an 
opinion  adopted  by  Mr.  Jameson,  though  the  properties  of  the  sub- 
stance are  quite  iocompatible  with  that  supposition,  and  though  I 
had  published  Hisingcr's  analysis  of  it  in  the  Annals  of  Pkilosopky, 
vol.  ii.  p,  467i  together  with  some  remarks,  in  order  to  show  that 
it  could  not  be  a  muriate  of  iron.  The  correct  analysis  of  Hisingefi 
as  given  by  him  in  the  fourth  volume  of  the  Afhandlingar,  p.  SIJ) 
is  aa  follows : — 
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Silica ; 35*850 

Black  oxide  of  iron     21*810 

Protoxide  of  manganese 21*140 

Submuriate  of  iroh 14*095 

Lime    * 1*210 

Water,  and  loss 5*895 

100*000 

s,  therefore,  a  bisiliciate  of  iron  combined  with  a  bilisiliciatc 
nganese,  and  containing  a  little  submuriate  of  iron  mechanic 
nixed  with  it.  The  analysis  which  I  published  in  the  Armals 
losophy  was  quite  sufficient  to  show  that  Karsten's  opinion  wat 
nded.  Mr.  Jameson,  therefore,  ought  not  to  have  adopted  it. 
link  it  would  have  been  better  if  the  barytic  and  strontiaa 
als  had  been  kept,  as  formerly,  in  distinct  families.  If  a 
cal  arrangement  of  minerals  be  possible,  it  b  surelv  the  best, 
he  one  which  must  ultimately  be  adopted.  Hitherto  all 
pts  at  such  a  classification  have  failed.  But  the  possibilitv  of 
raogement  is  now  beginning  to  appear.  The  placing  of  silica 
;the  acids  is  a  great  step  towards' accomplishing  the  task;  and 
isor  Berzelius's  arrangement,  with  which  I  shall  hereafter  pre- 
ly  readers,  has  great  merit,  and  is  indeed  wonderful  for  a  first 
pt.  Wherever  chemical  distinctions,  therefore,  present  them- 
spontaneously,  we  should  attend  to  them.  But  barytes  and 
ian  being  two  different  earths,  it  is  obvious  that  the  salts  com- 
of  them  differ  very  essentially  from  each  other, 
ust  here  notice  another  inadvertence,  which  excited  in  me  a' 
leal  of  surprise.  In  voL  ii.  p.  291,  there  occurs  the  following 
"aph : — ^^  The  peculiar  earth  which  characterises  this  mineral 
note  of  strontian)  was  discovered  by  Dr.  Hope ;  and  its 
s  properties  were  made  known  to  the  public  in  his  excellent 
»ir  on  strontites,  inserted  in  the  Transactions  of  the  Royal 
y  of  Edinburgh  for  the  year  1790.''  This  assertion  had  made 
Y  into  the  first  edition  of  Professor  Jameson's  book  (vol.  u 
),  from  which  it  has  been  transcribed  into  this  edition  without 
spiciori  of  error.  The  real  facts,  however,  are  very  different^' 
consider  it  as  a  piece  of  justice  to  Dr.  Hope  himself  to  lay 
before  the  public,  as  nothing  can  be  more  disagreeable  t6  an 
:  and  liberal  minded  man  than  to  have  merit  ascribed  to  him 
ch  be  is  not  entitled.  Carbonate  of  strontian  became  known  to 
alogists  about  the  y^ar  1787*  In  1789  or  1790  a  set  of  expe- 
ts  were  made  upon  it  by  Mr.  Cruikshanks,  at  that  time 
nt  to  Dr,  Crawford.  These  experiments  were  repeated  by  Dn 
ford  himself,  and  the  result  of  them  published  by  him  in  1790 
;  second  volume  of  the  Medical  Communications.  He  drew 
onclusion  from  them  that  the  mineral  contained  a  new  earth  ; 
le  sent  specimens  of  it  to  Mr.  Kirwan,  that  his  experiments 
t.be  repeated,  and  his  opinion  qonfirmed  or  refutea*    In  tb^ 
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Idiner's  Journal  for  1791  a  desLription  of  its  properties,  tqg^H 
villi  chemical  experiments  on  ii,  was  inserted  by  Mr.  ^^^| 
About  tlie  same  lime  BlumenbaL-h  ascertained  that  it  min^^| 
swallowed  by  animals  with  impunity.  In  Crell's  Cliemical ^^^| 
for  September,  17^3,  Klapruth  published  his  well-knoWn  ^^H 
entitled,  Chemisclie  Uniersuchuug  dei  Strontianits  In  Verglet^^H 
rail  detii  W'itlierii,*  wbieh  was  concluded  in  ihe  same  jouni^^l 
the  February  number  for  \^^i.  In  that  paper  there  is  a  f"U]^^| 
of  its  properties,  and  a  description  of  the  salts  which  it  forma^^H 
the  paper  eoncludes  with  this  consequence,  that  strontian  's^^^^^l 
stoTid'ge,  eivjhck  erde ;  that  is,  a  peculiar  simple  earth.  ,j^^H 
Dr.  Hope's  piper  was  read  to  the  Royal  Society  of  Edinbt^^^f 
Nov.  4,  179-i'  An  abslraci  of  it  was  soon  after  printed  aild^^^| 
lated;  and  this  abstract  was  published  in  17^4,  in  the  fourth  S^^H 
of  the  Society's  Transactions ;  so  that  Dr.  Hope's  paper  W|^^| 
read  till  more  than  a  month  after  Klaproth's  paper  hud  bee^sH 
lished.  A  paptr  by  Mr.  Kirwan  on  the  same  subject,  and  in  w^ffl 
he  draws  the  same  conclusions  as  Dr.  Hope,  was  read  to  the  Royal 
Iri^h  Academy  on  Jan.  0,  17^4;  and  it  was  inserted  in  the  Gfili 
volume  of  the  Memoirs  of  that  Academy.  I  do  not  know  in  what 
year  that  volume  was  published,  as  there  is  no  date  upoo  the  title- 

?age.  in  ihal  paper  no  notice  is  taken  of  Klaproth's  or  of  Vi. 
lope's  papers  ;  nor  is  it  at  all  likely  that  they  were  known  to  Kirwan 
8t  the  lime  when  his  paper  was  read.  The  same  remark  applies  to 
Schmeisser's  paper  on  strontianite,  published  in  the  Philosophical 
Transactions  for  1794.  He  draws  the  same  conclusions  with  Kiap- 
rolh,  Hope,  and  Kirwan ;  but  appears  to  have  been  ignorant  of 
what  they  had  done.  He  gives  us,  however,  the  history  of  the  ei- 
pcriments  and  conclusious  of  Dr.  Crawford  and  Mr.  Cruikshauks, 
It  is  needless  to  notice  here  the  papers  of  Pelletier  and  Vautjueliii, 
because  they  were  not  published  till  1737- 

From  the  above  statement  of  facts,  which  must  he  well  known 
to  every  chemist,  it  is  quite  clear  that  the  original  discovery  of  the 
peculiar  nature  of  St rontian  must  be  ascribed  to  Crawford  and  Cruik- 
ehanks;  while  Klaproih,  Hope,  Kirwan, and  perhaps  also  Schmei^s^tj 
contributed  equally,  and  unknown  lo  each  other,  in  verifying  this 
discovery.  If  this  merit  is  to  be  determined  by  priority  of  publica- 
tion, and  perhaps  also  by  the  accuracy  of  the  results,  the  greateit 
share  belongs  to  Klaproth.  Dr.  Hope's  paper  was  not  published 
till  1798.  It  possesses  much  merit ;  but  I  consider  what  he  give* 
respecting  barytes  Jis  constituting  the  most  original  and  valuable 
fects  for  which  chemistry  is  indebted  to  Dr.  Hope.  Almost  everf 
thing  which  he  gives  concerning  strontian  bad  been  anticipated  by 
Klaproth.  Dr.  Hope's  paper  is  much  superior,  both  in  accuracy 
and  extent,  to  that  of  Kirwan-  But  Schmeisser  contains  soide 
tilings  which  escaped  all  the  other  chemists.     For  example,  hes^ 


mblUhj^C 


t8lB»]  Jameson's  System  of  Mineralogy.  135 

tbat  the  native  carbonate  of  strontian  contains  a  mixture  of  lime;  a 
&ct  which  I  lately  confirmed  {Annals  of  Philosophy  j  vol.  vii.  p.  399), 
without  being  aware  at  the  time  that  it  had  been  already  noticed  by^ 
Schmeister. 

These  inadvertesces  are  the  only  ones  I  have  observed  in  the 
bods:.  Id  a  work  of  such  prodigious  detail,  and  which  has  obviously. 
been  the  result  of  vast  reading,  it  is  truly  surprising  to  find  so  great 
a  degree  of  accuracy.    I  think  the  arrangement  of  the  iron  ores 
might  be  a  good  deal  improved.    They  constitute  the  most  con* 
fosed  order  in  the  whole  system.     Perhaps  Mr.  Jameson  might 
luive  adopted  D'Aubuisson's  views  with  some  advantage.  Gadolinite^ 
too,  should  have  constituted  a  genus  apart.  '  As  it  contains  no  tan- 
talimiy  it  cannot  with  propriety  be  classed  in  the  order  which  is  de« 
voted  to  that  metal.    I  do  not  see  any  reason  for  putting  it  among 
the  metals^  though  this  has  been  done  by  most  mineralogists.   Pro- 
fessor Jameson  does  not  appear  to  have  been  aware  tiiat  the  analyses 
of  this  mineral  made  by  £kebergy  Klaproth,  and  Vauquelin,  are 
iniccuFBte;   and  that  fierzelius  has  ascertained  that  cerium,  or 
nther  its  oxide,   enters  into  its  composition  to  a  considerable 
amount.    The  following  is  one  of  the  four  analyses  of  it  which  he 
luis  published,  all  of  them  approaching  very  near  each  other : — 

Silica     25-80 

Yttria    45-00 

Oxide  of  cerium   16*69 

Oxide  of  iron    10-26 

Loss  by  a  red  heat     0*60 

98-35 

Hence  its  symbol  is/*  S  +  c«*  S  +  8  Y  S ;  or  it  consists  of  one 
atom  of  silicate  of  iron,  one  atom  of  silicate  of  cerium,  and  eight 
atoips  of  silicate  of  yttria. 

I  think  it  highly  probable  that  the  order  of  cobalt  ores  is  also 

susceptible  of  improvement,   though  I  have  not  examined  these 

scarce  minerals  with  sufficient  care  to  enable  me  to  decide  upon  the 

point.     There  seems  to  be  little  doubt,  from  Klaproth's  analysis  of 

glance  cobalt,  that  it  is  an  alloy  of  cobalt  and  arsenic :  both  on 

accbunt  of  its  simplicity  of  composition,  and  its  greater  abundance, 

it  ought,  I  think,  to  have  been  placed  first  in  order  among  the 

eobalt  ores.     Laugier  published  an  analysis  of  grey  and  white  cobalt 

ores  in  1813  (Ann.  de  Chim.  vol.  Ixxxv.  p.  26),  of  which  Professor 

Jameson  does  not  seem  to  have  been  aware,  as  he  does  not  quote 

diem.     It  would  appear  from  his  experiments  that  grey  cobalt  ore 

ii  a  compound  of  arseniuret  of  iron  and  arseniuret  of  cobalt.  White 

cobalt  ore  consists  of  the  same  ingredients,  with  the  addition  of 

some  sulphuret  of  iron,  which  ip  all  probability  is  only  mechanic 

ttUy  mixed.    I  think,  therefore,  that  white  and  grey  cobalt  ores 

Aould  be  considered  rather  as  subspecies  or  varieties  than  as  distinct 

fcciei.    I  may  meotidn  here,  by  the  bye,  tbat  the  tena. 
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cobalt  ore,  given  to  wliite  cobalt  ore  by  Mr.  Aikin,  in  his  S 
of  Mineralogy,  ought  rather  to  have  been  applied  to  glance  6 
the  true  composition  of  which  it  denotes.     White  cobalt  on 
taining,  besides  arseniuret  of  cobalt,  likewise  arseniuret  of  ire 
iron  pyrites,  cannot  well  be  expressed  by  a  cliemical  appellst 
At  any  rate,  before  giving  such  a  name,  it  would  be  necessu 
determine  by  repeated  analyses  whether  white  cobalt  ore  be  a  ^ 
ID ical  compound,  or  only  a  mechanical  mixture.     From  the  ^ 
of  its  crystals  I  have  a  strong  suspicion  that  it  is  merely  a  maf 
of  glance  cobalt  ore  with  arsenical  pyrites.     The  specific  gn 
given  by  Karsten  is  rather  against  this  supposition ;  but  1  \ 
doubts  how  far  Karsten's  specific  gravities  are  always  to  be  trus. 
1  suspect  that  all  the  cobalt  ochres  might  be  reduced  under  4 
species,  namely,  arseniate  of  cobalt  and  oxide  of  cobalt. 

Werner  seems  to  me  in  some  instances  disposed  to 
species  too  far.  Many  of  these  redundancies  have  been  veryj( 
ciously  curtailed  by  Mr.  Jameson  in  this  edition.  Tlius  zirc<m  ' 
hyacinth  are  made  to  constitute  only  one  species.  Corundum 
adamantine  spar  are  likewise  conjoined.  1  may  notice  here,  h_ 
bye,  an  oversight  into  which  Mr.  Jameson  has  fallen  in  vol.  i.  p^L 
He  says  that  corundinn  was  known  to  Dr.  Woodward  as  early  a 
17G8.  Dr.  Woodward  died  in  1728.  He  mentions  the  mineral 
under  the  name  of  corivindum.  In  the  year  17'»8  Mr.  Berry,  an 
Edinburgh  lapidary,  received  a  box  of  it  from  Madras,  He  showed 
it  to  Dr.  Black,  and  it  became  known  in  consequence  to  mineral- 
ogists. Thisj  I  presume,  is  the  fact  which  Mr.  Jameson  intended 
to  state,  but  which  he  has  accidentally  written  down  wrong,  and 
allowed  to  pass  through  the  pres^  without  perceiving  the  error. 

Perhaps  our  author  might  in  some  instances  have  gone  further 
than  he  has  gone  in  the  suppression  of  Wernerian  species,  without 
anyinjury  to  the  system.  Thus  1  do  not  perceive  what  right  miemite 
and  gurhofite  have  to  figure  as  distinct  species.  Dolomite,  miemite 
{bilter  spar),  brown  spar,  and  gurhofite,  are  all  compounds  or 
mechanical  mixtures  of  carbonate  of  lime  and  carbonate  of  mag- 
nesia. I  think  I  can  perceive  sufficient  difli^rences  in  the  propor- 
tions of  the  constituents  to  constitute  subspecies,  but  certainly  not 
different  species. 

The  system  of  mineralogy  in  this  work  is  divided,  as  usual,  into 
four  grand  classes  j  namely,  earthy  minerals,  saline  minerals,  in- 
flammable minerals,  and  metallic  minerals.  These  names  are  not 
very  appropriate  ;  but  the  fault  is  not  in  be  ascribad  to  our  author, 
who  has  merely  adopted  terms  hitherto  in  universal  use.  1  am  con- 
vinced, however,  that  it  will  be  necessary  to  change  these  names, 
and  even  to  modify  the  arrangement  in  several  essential  points, 
before  long.  The  word  metal  has  recently  acquired  a  significalion  a 
great  deal  too  extensive  and  vague.  Every  thing  (with  a  very  few 
exceptions  indeed)  is  now  a  metal.  1  think  this  class  of  bodies 
must  soon  undergo  a  new  arrangement :  and  several  bodies  at 
present  called  meials  will  be  clashed  with  other  bodies.    I  consider 
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senic^  for  example,  as  bearing  a  much  greater  resemblance  to  the 
Tiple  combustibles  than  to  the  metals.  Like  sulphur,  it  forms 
TO  acids  with  oxygen,  and  combines  very  readily  with  most  metak. 
possesses,  indeed,  the  metallic  lustre,  and  conducts  electricity; 
It  so  does  charcoal.  It  would  be  better,  therefore,  to  place  it 
BODg  the  simple  combustibles  than  the  metals.  Native  arsenic 
id  orpiment  would  then  go  among  the  combustible  minerals,  and 
hite  arsenic  might  go  among  the  minerals  soluble  in  water^  which 
oold  form  a  better  name  for  the  second  class  than  salts ;  for  not 
le-tenth  part  of  the  salts  which  exist  in  the  mineral  kingdom  have 
*en  arranged  by  mineralogists  in  the  class  of  salts,  but  those  only 
hich  dissolve  in  water.  The  term  earthy  mineralsy  given  to  the 
ret  class^  does  nbt  apply,  as  the  diamond,  which  is  placed  under  it^ 
3ntains  no  earth  whatevjer.  The  term  saline  minerals,  given  to  the 
^Good  class,  does  not  apply,  because  it  contains  under  it  sapoliTW, 
^hich  IS  not  a  salt,  but  an  acid.  The  third  class,  injlammable 
merahy  is  better  named  than  the  others ;  yet  it  contains  mellite^ 
rhiob  is  a  salt,  and  graphite j  which  is  combustible,  but  not  in- 
lunroable.  The  fourth  class  consists,  indeed,  entirely  of  metals ; 
Hit  that  is  owing  to  the  present  vague  sense  in  which  the  word 
netal  is  taken ;  which  would  still  apply  to  the  class,  even  if  the 
^ter  number  of  the  first  class  were  united  with  it.  I  think  the 
Eerm  ores  would  be  better  than  metallic  minerals;  and  in  that  case 
Kveral  species  at  present  arranged  under  it  would  come  to  be  placed 
elsewhere. 

The  first  class  consists  of  about  161  species,  about  80  of  which  are 
new,  or  at  least  are  not  to  be  found  in  the  first  edition  of  this  work. 
I  consider  the  improvements  introduced  into  this  class  as  the  greatest 
of  all.  Indeed  it  was  more  defective  and  meagre  in  the  first  edition 
than  the  other  classes,  and  therefore  was  susceptible  of  greater  im- 
provements. No  pains  have  been  spared  to  make  it  as  complete  as 
possible^  and  the  vast  quantity  of  important  information  collected 
together  renders  this  class  exceedingly  valuable  to  the  student  of 
mineralogy.  The  curious  details  respecting  the  diamond,  the  difie- 
lent  species  of  precious  stones,  agates,  marbles,  and  alabaster,  may 
be  mentioned  as  striking  instances.  The  descriptions  are  clear,  fuU^ 
ttmple,  and  distinct.  The  localities  are  stated  with  singular  industry, 
aod  the  uses  in  general  pointed  out  with  care.  The  portion  of  this 
class  with  the  execution  of  which  I  feel  least  satisfied  is  the  distri- 
botkm  of  the  zeolites.  I  think  the  Haliyan  mode  of  arranging  these 
minerals  better  than  that  followed  by  Werner.  I  am  sensible,  at  the 
«mc  time  that,  from  the  very  defective  descriptions  of  Haiiy,  it  is 
a  very  difficult  task  indeed  to  assign  their  proper  places  to  the  ditfe- 
rent  species  and  subspecies  to  which  Werner  has  given  different 
munes.  I  am  not,  therefore,  surprised  that  Mr.  Jameson  has  not 
attempted  it;  though  I  wish  he  had,  as  I  think  he  is  better  qualified 
than  any  other  person  to  do  justice  to  the  subject. 

The  second  class  consists  of  16  species,  arranjged 
^itei^^nd  nine  genera*    Only  two  pew  species  are 
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but  ihe  arrangement  of  the  whole  is  very  much  improved, 
notice,  however,  that  the  term  alum,  applied  to  the  fii 
not  the  proper  one,  at  least  as  far  as  my  observattoos  and 
have  ^ne.  It  is  a  sulphate  of  alumina,  and  crystallizes  quite 
diHurent  way  from  alum,  which  is  a  compound  of  sulphate  of  potadi 
and  sulphate  of  alumina.  Erroneous  names  ought  to  be  guarded' 
against  as  much  as  possible,  because  they  mislead:  Mr.  Jameson 
is  not,  indeed,  answerable  for  this  error,  which  has  been  adopted  by 
most  mineralogists,  though  not  by  all.  It  would  have  been  betta 
10  have  placed  sassoline,  or  native  bonicic  acid,  in  an  order  apai^ 
than  to  nave  classed  it  with  salts  of  soda,  as  it  does  not  contain  aw 
of  that  alkali.  This  order  might  have  been  increased  by  sulptaina' 
acid,  which  exists  native  in  several  spiings,  and  by  arseniaus  add, 
which  ought  to  be  removed  from  the  class  of  metak  to  that  of  sui- 
slantes  soluble  in  water. 

The  third  class,  or  injlammable  minerals,  contains  13  EpecieSf 
arranged  under  four  families.  Of  these  three  species  and  two  sub- 
species are  new,  or  at  least  are  not  to  be  found  in  the  first  edition. 
1  think  the  lisney  stone  is  very  unhappily  pkecd  in  (his  class.  Thia 
fault  has  been  committed  by  almost  all  mineralogists,  and  shorn 
with  how  little  care  they  have  made  their  arrangements.  The  la>t 
species,  fossil  copal,  is  improperly  named.  1  have  given  an  account 
of  its  chemical  properties  in  the  Annals  of  Philosophy,  vol.  ii.  p.  9, 
Any  person  who  will  take  the  trouble  of  reading  that  account,  and 
of  comparing  it  with  the  well-known  properties  of  copal,  will  find 
that  the  Highgate  mineral  differs  from  that  resin.  Mr.  Jameson 
took  the  name  from  Mr.  Aikin,  and  I  can  easily  see  the  reasons,  or 
rather  the  authority,  that  misled  that  gentleman  to  adopt  the  name 
in  nuestion. 

Ihe  fourth  class,  or  metallic  minerals,  contains  139  species,  o( 
which  by  are  new,  or  at  least  were  not  contained  in  the  first  edition. 
These  are  arranged  under  22  orders.  Considerable  improvements 
have  been  introduced  into  the  arrangement  of  these  orders,  though 
I  think  that  slill  further  improvements  might  be  made  with  advan- 
tage. The  order  of  arsenic  should  be  expunged  altogether;  the 
first  and  third  species,  namely,  uative  arsenic  and  orpiment,  should 
be  placed  among  the  combustibles ;  the  second  species,  or  arsenical 
pyrites,  should  be  placed  under  iron  ;  the  fourth  species,  or  oxide 
of  arsenic,  should  be  arranged  with  the  soluble  bodies  in  the  second 
class ;  and  the  fifth  species,  or  pharmacolite,  should  be  placed  under 
lime.  Tin  does  nut  stand  well  between  zinc  and  bismuth.  Indeed 
1  conceive  tliat  the  ores  might  be  subdivided  into  four  orders,  tiius — 
I.  Platinum,  iridium,  gold,  silver,  mercury,  copper,  nickel, 
3.  Lead,  bismuth,  tellurium,  antimony^  cobalt,  molybdenum, 

3.  Iron,  manganese,  titanium. 

4,  Tungsten,  uranium,  tantalum,' cerium,  tin,  zinc. 

In  this  way  those  ores  that  have  the  greatest  resemblance  would 
be  grouped  togethar. 
It  is  diflicult  to  conceive  a  reason  for  placing  iridium  in  the  Order 
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cff  platmum.  From  the  account  of  arseniate  of  lead,  I  perceiye 
t^t  Mr.  Jameson  is  not  acquainted  with  the  fine  specimens  of  that 
ttuneral  found  in  the  United  Mines,  near  Redruth,«in  Cornwall,  nor 
with  the  analysis  of  Mr.  Gregor,  published  in  the  Philosophical 
Transactions  for  1809.     His  result  was  as  follows  : — 

Oxide  of  lead 6976 

Arsenic  acid  . « 26*40 

Muriatic  acid     1*58 


9774 


I  put  a  high  value  upon  Mr.  Gregorys  analyses  on  account  of  their 
ncommon  accuracy;  and  therefore  consider  it  as  unfortunate  that 
Mr.  Jameson  did  not  attend  to  the  present.  It  applies  to  his  second 
SMhspecieSf  Jilafnevtous  arseniate  of  lead ;  but  Mr.  Jameson's  de- 
ieription  is  very  imperfect,  from  his  not  knowing  the  Cornish  spe« 
omens.  ^' 

'  Upon  the  whole  I  consider  the  present  work  as  by  far  the  most 
iduable  mineralogical  publication  that  has  hitherto  appeared  in  this 
ooontry,  and  as  doing  infinite  credit  both  to  the  industry  and  know- 
ledge of  the  author. 


Article  XII. 

Proceedings  of  Philosophical  Societies* 

ROYAL     SOCIRTV. 

On  Thursday,  June  27,  a  paper  by  Sir  Everard  Home  was  read, 
pmg  a  further  account  of  the  mechanism  by  means  of  which 
insects  can  walk  contrary  to  gravity,  as  up  perpendicular  walls,  or 
along  the  roofe  of  rooms.  Since  his  first  paper  was  read,  Mr.  Bower 
hs  drawn  the  apparatus  of  the  feet  of  flies,  determined  by  means 
of  the  microscope.  It  turns  out  different  from  what  he  formerly 
described.  In  the  common  bottle  fly  every  toe  is  supplied  with  two 
Mekers,  very  similar  in  appearance  to  the  pieces  of  wet  leather  and 
itring  with  which  boys  lift  up  stones.  These  suckers  appear  to  be 
put  in  action  by  the  voluntary  muscles  of  the  insect.  In  the  horse 
I  if  each  toe  is  supplied  with  three  suckers.  These  suckers  may  be 
ttea  by  means  of  a  glass  when  a  common  fly  is  walking  along  the 
inside  of  a  tumbler.  The  author  concluded  his  paper  with  the  de- 
Kiiption  of  certain  cushions  upon  the  feet  of  some  insects  to  take 
off  the  effect  pf  a  sudden  change  from  a  state  of  rapid  motion  to  a 
State  of  rest. 

At  the  same  meedng  part  of  A  phper  by  Dr.  Bernardino  Antonio 
Gotaez,^  Physician  to  the  Prince  Regent  of  Portugal,  on  the  Mode 
ff  Fumigating  Infected  Letters^  was  read.  Letters  from  ^]zfx^  vi^ 
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posed  to  be  visited  by  ibe  plague  are  fumigated  with  vinegar  ai 
being  cut  ia  severnl  places,  before  they  are  delivered  to  tbc  pen 
to  wbom  they  are  directed.  It  became  a  question  in  Portu| 
whether  this  mode  of  fumigation  was  sufficient.  Government  ft 
orders  to  substitute  Morveau's  mode  by  fumigating  with  clik 
The  author  of  the  paper  was  doubtful  how  far  this  practice  v 
be  efl^ectual,  unless  the  letters  were  opened.  He  requested  of  6 
veroment  to  be  allowed  to  investigate  the  point  in  the  first  ph^ 
experimentally,  and  his  request  wus  granted.  He  found  that  letfil' 
or  paper  parcels  exposed  to  the  fumes  of  cliloriiie,  even  thoft 
completely  closed  by  means  of  sealing-wax,  are  penetrated  hyO 
and  retain  the  smelt  for  several  days,  lie  impregnated  tow,  cotS 
silk,  wool,  and  fur,  with  the  vapour  of  putrid  meat,  inclosed  a  fl 
tion  of  each  in  a  letter,  and  exposed  the  letters  to  the  fume  qf  g 
rine  for  half  an  hour.  The  putrid  odour  was  destroyed  in  tl 
and  cotton  -,  the  &ilk  retained  a  little  of  it,  and  the  wool  a 
smelled  still  very  strongly  of  putrefaction. 

On  Thursday,  July  4,  Dr.  Gomez'  paper  was  finished.  Hea 
comparative  experiments  on  the  disinfecting  powers  of  viaf 
chlorine,  and  the  fumes  of  sulphur.  All  of  these  substancej^ 
strayed  completely  the  smell  of  putridity.  With  vinegar  itn 
necessary  to  dip  the  letlei-s  in  (he  liquid,  and  then  dry  Ihem  slowly 
by  heat.  It  was  necessary  to  continue  the  fumes  of  chlorine  till  llie 
writing  on  the  hack  of  the  letter  was  somewhat  injured.  But  the 
fumes  of  burning  sulphur  mixed  with  nitre  destroyed  the  smell  com- 
pletely, without  in  the  least  injuring  the  writing,  and  more 
promptly  than  the  other  two  methods.  He  considers  it,  therefore, 
as  the  best  method  of  disinfecting  letters,  to  expose  them  to  the 
fumes  of  burning  sulphur  mixed  with  saltpetre. 

At  the  same  meeting  two  mathematical  papers  were  announced; 
the  first  containing  a  new  Demonstration  of  ihe  Binomial  TheoreiOi 
by  Mr.  Light ;  the  second,  on  the  Methods  of  finding  the  FluectJ 
of  the  Functions  of  Irrational  Quantities. 

The  Society  adjourned  till  Nov.  7. 


GEOLOGICAL   S 

April  19j  181S, — At  this  meeting  a  paper  by  Mr.  Wynch,  ent 
tied,  A  Geological  Sketch  of  tiie  Eastern  Part  of  Yorkshire,  wa 
read. 

The  district  included  In  this  description  is  bounded  on  the  soulli 
by  the  H  umber,  and  on  the  west  by  the  great  north  road,  its  ex- 
treme length  being  about  60  miles,  and  its  breadth  40  miles.  The 
Tees,  which  is  at  the  extreme  north  of  this  district,  flows  over  beds 
of  red  and  white  calcareous  sandstone,  containing  gypsum,  which 
rest  on  the  magnesian  lime-stone,  and  are  covered  by  the  alum- 
shale.  This  latter  rock  forms  the  cliffs  on  the  coast  at  Whitby,  and 
the  eastern  moorlands,  or  Hamilton  Hills.  The  upper  part  of  this 
important  deposit  is  fine-grained  sand-stone,  covering  bituminous 
shale  and  coal,  the  latter  of  which  is  in  some  places,  paittcularly 
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ear  Easingwold,  worth  working.  To  this  succeeds  a  series  of 
Itemmte  beds  of  sand-stone  and  bituminous  shale  containing  subor- 
iDftte  beds  of  iron*8tone,  which  is  partly  smelted  in  the  Tyne  Iron 
Jompany's  furnaces^  and  is  partly  calcined,  and  employed  in  the 
omposition  of  Roman  cement.  The  last  member  of  this  formation 
i  the  alum-shale,  the  thickness  of  which  is  unknown,  but  in  some 
daces  certainly  exceeding  400  feet.  Vertebne  of  the  same  species 
if  amphibious  animal  which  occurs  in  the  Lids  at  Charmouth  have 
wen  found  in  this  shale;  also  echiniies,  ammonites,  nautilites,  and 
Mrthoceratites.  Trunks  of  trees  likewise  occur,  the  bark  and  softer 
parts  of  which  are  converted  into  jet.  Next  above  the  alum  shale 
occurs  the  oolite  lime-stone,  forming  numerous  beds,  one  of  which, 
near  Scarborough,  is  pea-iron  ore,  which  has  been  largely  employed 
by  the  T^ne  Iron  Company.  The  Yorkshire  wolds  consist  entirely 
of  bard  chalk,  which  crops  out  on  the  banks  of  the  Derwent,  and 
stretches  to  the  south  as  far  as  the  Humber,  being  covered  in  places 
by  alluvial  soil. 

An  Introduction,  by  the  Rev.  W.  Coneybeare,  M.G.S,  to  Dr. 
Boger^s  paper  on  the  Geological  Features  of  the  North-Eastem 
Coundes  of  Ireland,  was  read. 

The  district  here  described  is  characterized  by  three  distinct 
systems  of  mountains.  The  first  of  these,  comprehending  the 
lloDnie  mountains,  the  Fathom  hills,  the  Newry,  Ravendale^  and 
Cariingford  mountains,  is  characterized  by  the  prevalence  of  granite^ 
Imrounded  by  grey-wacke-slate,  and  by  the  absence  of  mica-slate. 
In  these  respects  it  bears  a  perfect  resemblance  to  the  Lead  Hills  of 
Scotland^  and  in  general  to  the  moorlands,  which  form  the  common 
boundary  of  England  and  Scotland ;  and  in  fact  appears  to  be  a 
,  continuation  of  them.  The  second  system  comprehends  the  pri- 
Butive  chain  of  Londonderry,  and  consists  for  the  most  part  of 
mica-slate  with  primitive  lime-stone,  having  on  its  southern  boun- 
dary, beds  of  conglomerate.  Hence  in  structure,  as  well  as  in 
position,  it  seems  to  be  a  continuation  of  the  Grampians  of  Scotr 
land.  The  third  system  occupies  the  country  on  the  east  and  west 
of  the  valley  of  the  Bann,  and  is  characterized  by  its  vast  platforms 
of  basalt,  covering  old  red  sand-stone  and  the  newer  rocks,  and 
bearing  a  striking  resemblance  to  the  basalt  district  of  Scotland, 
which  lies  between  the  two  other  systems  already  mentioned. 

May  3. — A  paper  by  Dr.  Macculloch,  Pres.  Soc.  on  the  Em- 
ployment of  the  Barometer  in  Measuring  Heights,  was  begun. 

May  17- — Dr.  Bright's  paper,  entitled.  Observations  on  some 
Specimens  from  near  Lake  Ballaton,  in  Hungary,  was  read. 

The  country  in  the  immediate  neighbourhood  of  Lake  Ballaton, 
and  for  a  considerable  distance  to  the  north,  b  an  extensively 
marshy  plain,  in  the  midst  of  which  are  seen  a  few  detached  moun- 
tains with  broken  rocky  summits.  One  of  these,  called  Csobanez, 
pnsents  at  its  base  horizontal  beds  of  yellow  sand,  over  which  lie 
extensive  scoriated  masses,  passing  into  a  more  compact  amorphous 
rock,  which  by  iome  mmeralogists  might  be  called  green-stone,  and 
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by  otheis  lava.  This  roc-li  becomes  more  dense  towards  the  si 
of  tbe  liill,  and  has  a  siruitg  lendeniy  to  a  columnar  structu) 
Another  hill,  called  Badau^an,  is  conijiosed  chiefly  of  a  '  ' 
coloured  rock  resembliDg  chirk-slone,  which  towards  the  si 
becomes  [noregrcy,coDtains  olivine,  and  assumes  a  rudely  coli 
structure.  On  the  wei^t  side  of  the  hill  is  a  conglomerate  pc: 
resembling  that  which  occurs  on  the  ascent  of  Muuiii  HeckW, 
Iceland.  The  tliird  hill,  called  Szeglegt,  consists  of  the  coi^  ^ 
merate  already  niFUtioned,  traversed  by  a  vertical  vein  li  or  14  fittf 
thick  of  basaltic  greeo-stone.  These  three  hilis  are  coosiderrd  % 
Dr.  it.  as  fragments  in  situ  of  a  volcanic  mountain,  the  odter  pert 
of  nhich  has  been  disintegrated  and  carried  oA' during  some  oftbete 
convulsions  which  iippear  at  diHerent  times  to  have  modi Ged^iA 
surface  of  the  earth.  : 

The  reading  of  Dr.  Macculluch's  paper  od  the  Value  of:^ 
Barometer  for  Measuring  Heights,  which   was  begun   oq 
inst.  was  now  concluded. 

The  circumstance  which  drew  the  atteiition  of  Dr.  M.  ta  lb* 
subject  wag  the  occurrence  of  some  embarrassing  di-tcrepanciee  b(t 
tween  two  contemporaneous  sets  of  observations  made.  theot)e^ 
himself,  at  Glenroy,  and  the  other  by  Lord  Gray,  at  Kinlauns,  ue« 
Perth.  The  known  causes  of  error  in  observaiione  on  two  or  ihqm 
barometers,  are  of  two  kinds,  varialde  and  cunsiaiit.  The  tbrser 
arise  from  the  varying  diameter  of  the  lubes,  iVom  the  4ifiereat 
specific  gravity  of  the  mercury  employed,  from  the  L^piltury  attncr 
tion  exerted  by  the  tube  on  the  mercury  arising  from  the  imperfect 
boiling  of  the  latter,  and  from  the  ditfercnt  elev;iiion  of  thesti* 
tions.  The  sum  of  these  Ibrms  a  quantity  of  error  which  maybl 
very  considerable ;  but  when  once  known,  and  allowed  for,  thty 
cease  (o  iiifiueoce  the  general  result.  Tbe  variable  cau»«s  of  east 
arise  from  difference  of  temperature  when  not  corrected  by  thermic 
metrical  observaiions,  and  from  a  diiference  in  the  hour  of  making 
the  observation,  which  latter  is  resolvable  partly  into  diHereuceu 
temperature,  and  partly  into  the  diurnal  oscillation  of  the  bato- 
metric  column,  from  causes  which  are  not  known.  The  sum,  hew- 
ever,  of  these  variable  causes,  does  not  amount  to  any  very  greit 
tjuantity.  Dr.  M,  then  proceeds  to  examine  the  results  given  bj 
two  selt-registering  barometers,  by  the  same  maker,  and  stalioDtd 
the  one  at  the  King'a  Library  at  Buckingham  House,  and  the  olhec 
at  the  house  of  the  maker  of  the. instrument,  at  Islington.  In  thlJ 
case  the  errors  arising  from  difference  in  the  time  of  oiMcrvation 
were  done  away,  the  horizontal  distance  bet^vcen  the  two  siadoBi 
was  small,  not  exceeding  three  miles  ;  and  yet  the  variations  nere 
found  to  be  such  as  would,  in  one  extreme,  indicate  the  same  alti- 
tude for  both  instrutneiils,  and  in  the  other  extreme  a  ditHerenceof 
90  feet.  In  the  second  case,  three  barometers  of  the  usual  con- 
struction, and  stationed  in  the  Royal  Observatory,  Greenwich,  in 
tbe  Strand,  and  at  f^toke  Newington,  were  compared;  and  ^ 
diiferences  occurring  in  the  course  of  a  year  were  such 


M16.']  Royal  Institute  of  France.  14S 

mcemioa  a  difference  of  200  feet  in  the  elevation  of  the  Greenwich 

Observatory  above  the  Strand.  Another  set  of  observations,  aflbrded 

Iqf  the  barometers  at  the  Greenwich  Observatory  at  Edinbui^h,  at 

iunfiiaDs  Castle,  and  at  Gordon  Castle,  exhibits  still  more  nume- 

VMB  and  larger  discrepancies,  amounting  in  the  extreme  case  to  a 

^mriation  of  7^  f^^  in  the  relative  elevations  of  Greenwich  Obser- 

oratory  and  Gordon  Castle.    Much  of  the  variation  recorded  in  all 

the  above  cases  is  in  the  opinion  of  Dr.  M.  to  be  here  attributed  to 

:^  direction  and  velocity  of  the  winds,  which,  as  is  well  known, 

are  extremely  {wrtial,  especially  in  our  own  island :  and  till  the 

investigation  of  these  atmospherical  currents  has  been  pursued  more 

li^larly,  and  to  a  greater  extent  than  hitherto,  the  barometer  will 

lemain  an  Imperfect  instrument,  however  useful  upon  the  whole. 

Jime  7- — A  paper  by  Samuel  Solly,  £sq.  on  the  Probable  Origin 

of  Trap  Rocks,  was  read. 

Some  geologists  consider  the  trap  rocks  as  ancient  currents  of 

hva ;  others  regard  them  as  having  been  ejected  from  the  interior 

fsrts  of  the  earth  in  a  fluid  state  towards  the  surface,  bending  and 

lupturing  the  upper  strata  through  which  they  have  forced  their 

Wy,  and  in  many  parts  actually  arriving  at  the  sur&ce.    By  othet 

feologists,  on  the  contrary,  they  are  looked  upon  as  deposits,  partly 

aiechanical,    partly  crystalline,   from  the  waters  of  a  universal 

oeean.    A  new  th^ry  is  proposed  by  Mr.  Solly.    He  supposes  that 

the  slaty  carbonaceous  clays  and  marls,  such  as  the  lyas  formation 

cod  the  various  shales,  have  been  subjected  more  or  less  to  electro- 

di^ical  action  :  that  this  action,  when  very  powerful,  has  excited 

the  mass  to  actual  combustion,  and,  when  less  intense,  has  produced 

■  proportionally  smaller  changes :  that  the  results  of  these  changes 

«re  the  present  rocks  of  trap  formation,  as  they  are  called.     This 

tiieory  Mr.  S.  contends  is  more  accordant  with  actual  appearances^ 

ind  better  explains  the  diversity  of  geological  positbn,  and  of  mine- 

idogical.structure  incident  to  these  rocks,  than  any  of  the  hypo- 

Aeses  at  present  received. 
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dxQunt  of  the  Labours  of  the  Class  of  Mathematical  and  Physical 
Sciences  of  the  Royal  Institute  of  France  during  the  Year  1815. 

(Continued  from  p.  69.) 

iUnsMATicAL  Part. — By  MM  Chevalier  Delambre,  Perpetual 

^-  Secretary. 

analysis* 

Memoir  on  the  Fibbing  and  Flowing  of  the  SeOy  by  M.  le  Comte 
Laplace. — ^Tfae  phenomena  of  the  tides  have  at  all  times  attracted 
the  attention  of  observers  and  philosophers.  Indeed  it  was  impos* 
Ale  that  moticms  so  regular  and  imposing  could  escape  the  iohi 
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bjtants  of  the  sea  shore,  and  of  oavigators  who  durst  not  vei 
Bny  distance  from  the  shore.  Both  of  these  sets  of  observers  ci 
the  circumstances  of  the  alterDate  motions  of  the  sea 
philosophers  studied  their  causes.  Among  the  ancients, 
appears  to  liave  been  one  of  the  most  assiduous  and  succi 
servers  of  lliis  great  problem.  His  works  are  lost;  but  tlie 
from  them  giveti  by  Pliny  and  Strabo  prove  that  this  philosopher' 
very  well  acquainted  with  the  general  phenomena,  and  thut  he  ! 
painted  out  the  principal  causes  of  them,  though  he  had  no  idM 
how  their  causes  operated.  What  we  read  in  Pliny  on  this  subjett. 
is  almost  all  that  was  possible  for  human  sagacity,  before  Neivtoi>  ' 
unveiled  the  great  law  of  the  universe.  Strabo  is  not  quite  4  ' 
exact,  nor  so  oarlicuiar.  This  may  lead  us  to  suspect  that  subset 
quent  researches  by  some  unknown  person  had  added  to  the&ctf 
with  which  Fosidonius  and  Athenodorus  were  acquainted.  Bethv 
as  it  may,  we  see  in  Stralio  that  all  the  changes  of  ebb  and  ftw 
return  very  nearly  twice  during  the  course  of  every  day ;  that  tlft 
time  of  high  and  low  water  varies,  and  depends  upon  the  rising  uA 
setting  of  tiie  moon,  and  on  its  passage  over  the  meridian.  He 
tells  us,  likewise,  that  the  tides  are  not  equally  high  at  all  seasouf 
but  he  appears  lu  believe,  with  Posidonius,  that  they  go  on  dimb- 
nishing  from  the  solstice  to  the  equinox,  and  increasing  from  tbe 
equinox  to  the  other  solstice.  He  distinguishes  three  sorts  of  period^  D 
one  diurnal,  another  menstrua),  and  a  third  annual.  Pliny  speaks 
of  a  period  of  100  lunar  months.  He  had  some  idea  of  the  efl«cl 
of  the  uecltnaiions  of  the  moon.  An  uncertain  pci-son,  called 
Seleucus,  supposed  a  zodiacal  Inequality,  in  consequence  of  whicb 
the  phenomena  were  more  equal  towards  the  equinoses,  and  moK 
unequal  towards  the  solstices.  This  inequality  appeared,  both  lb 
the  height  of  the  tides,  and  lu  the  rapidity  with  which  the  seaa^ 
vances  towards  and  leaves  the  shore.  Strabo  adds,  that  bemg  it 
Cadiz  at  the  time  of  the  solstice  he  had  seen  nothing  extraordioBi} 
in  the  tide  of  the  full  moon,  while  at  the  full  moon  of  the  same 
month  he  had  observed  a  considerable  difference  in  the  height  of  the 
tide,  and  in  the  way  in  which  it  entered  the  Bfctis.  His  statemefit 
contains  circumstances  in  ivhich  we  may  suspect  a  good  deal  of 
exaggeration.  But  he  acknowledges  himself  tlmt  an  insulated  ob> 
aervation  proves  nothing,  and  that  it  is  better  to  confide  in  those 
who  have  it  in  their  power  to  make  a  regular  series  of  observatifflK 
on  the  pheoomena. 

But  though  he  thus  pointed  out  the  advantage  of  a  regular  series 
of  observations,  though  the  method  followed  in  Egypt  lo  measure 
the  increase  of  the  Nile  might  have  served  as  a  model  for  measuring 
the  height  of  the  tides,  we  have  no  proof  that  any  regular  set  « 
observations  was  ever  made.  Perhaps  only  the  high  tides  were 
narked;  but  if  registers  of  them  were  kept,  which  is  very  doubtful, 
they  have  been  all  lost,  as  well  as  the  works  of  Eratosthenes,  P»»i- 
donious,  Athenodorus,  and  Seleucus. 

What  the  ancients  did  not  do,  or  what  they  did  in  an  im 
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nanner^  the  Academy  of  Sciences  got  accomplished  at  the  com- 
meocement  of  the  last  century.  The  harbour  of  firest  was  made 
dioice  of,  which  seemed  to  have  been  made  on  purpose  for  such 
ifaservations.  The  tides  there  are  coasiderahle.  Tiie  irregularities 
xf  the  motion  are  much  weakened  at  the  bottom  of  the  harbour 
vhere  the  heights  are  measured.  These  observations  embrace  a 
seriod  of  six  years.  Lalande  published  the  greatest  part  of  them 
n  the  fourth  volume  of  his  Astronomy.  M.Laplace  calculated 
liem  according  to  his  theory  in  the  fourth  book  of  the  Mechanique 
Celeste,  and  these  calculations  gave  him  the  arbitrary  constant 
]uaiitities  relative  to  that  harbour.  But  do  these  constant  quantities 
oemain  always  the  same,  and  do  they  not  at  length  undergo  some 
dteration,  in  consequence  of  the  changes  which  nature  and  art  may 
produce  in  the  bottom  of  the  sea,  in  the  harbour  and  on  the  adja- 
pent  ooasts?  This  was  a  point  which  .'eserved  to  be  investigated, 
and  which  induced  M.  Laplace  to  request  Government  to  order  a 
series  of  observations  to  be  made  during  an  entire  period  of  the 
BKivement  of  the  nodes  of  the  lunar  orbit.  This  new  series  begaa 
ii|'.1806,  and  has  been  continued  till  now  without  interruption ; 
and  M.  Laplace  in  his  memoir  points  out  some  circumstances  which 
will  render  the  subsequent  part  of  it  still  more  precise  and  con- 
ckirive.  It  already  embraces  nearly  half  a  revolution  of  the  lunar 
nodes.  This  is  more  than  was  done  a  century  ago;  so  that  already 
i  comparison  may  be  made  between  the  two  periods. 

In  each  equinox  and  in  each  solstice  M.  Laplace  has  chosen  the 
three  syzygies  and  the  three  quadratures  which  are  nearest  to  it. 
The  way  in  which  these  observations  are  combined  makes  the  effect 
of  variations  in  the  distance,  and  in  the  motions  of  the  sun  and 
moon,  to  disappear.  It  likewise  causes  several  other  inequalities  to 
Aappear,  which  mutually  destroy  each  other.  The  sums  of  the 
excess  of  high  water  above  low  water  are  owing  entirely  to  the  great 
ioequality.  The  law  of  these  sums  is  determined  by  this  considera*- 
tioD,  that  their  variation  is  nearly  proportional  to  the  square  of  their 
distance  in  time  from  the  maximum.  This  gives  that  maximum  its 
Biean  distance  in  hours  from  the  tides  of  the  syzygies,  and  the  co- 
tficient  of  the  square  of  the  time  in  the  law  of  the  variation.  Each 
of  the  eight  years  furnishes  a  particular  value  of  this  coefficient. 
The  agreement  between  all  these  values  proves  the  regularity  of  the 
observations ;  and  from  the  laws  established  by  the  author  respect- 
ing the  probability  of  results,  drawn  from  a  great  number  of  obser- 
vttbns,  we  are  enabled  to  judge  how  far  this  definite  result  ap- 
proaches the  truth. 

In  the  quadratures,  the  method  of  calculation  is  the  same,  only 
we  must  restrict  to  a  smaller  interval  the  law  of  the  variation  pro- 
portional to  the  square  of  the  time ;  because  when  we  set  out  from 
the  minimum  the  increment  is  more  rapid  than  the  decrement  is 
when  we  set  out  from  the  maximum. 

la  all  these  comparisons  the  influence  of  the  declinations  of  the* 
Wenly  bodies  on  the  tides,  and  on  the  law  of  their  variation  in 
Vol.  VUL  N*  U.  K 
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the  syzygies  and  quadratures  appears  dearly.  Ttiis  point  Is  oob 
ttiose  wbiJi  the  arclenis  were  lea^t  acquainted  with.  Pliny  sfK 
of  it,  hut  DC  iippears  to  confound  the  decliiiatiofi  and  the  dntai 
from  the  earth,  and  to  beheve  thdt  it  is  Icsi  wlien  the  dectinU 
is  suuiherly.  Pliay  falls  into  this  mistake  because  lie  had  do  the 
either  mailiematica)  ot  physical.  M.  L«pUce  carafuily  dbtingwi 
them.  After  having  determined  the  effect  of  the  declination) 
those  tides  in  which  it  ought  to  be  roost  sensible,  lie  exaniara 
effect  of  the  distances  hy  means  of  IS  equinoctial  tides  towardi 
perigee  or  the  apogee  of  the  muoD.  "  Thus  by  combining 
observatioDs  so  m  to  make  each  clement  appear  that  we  wisl 
know,  we  are  enabled  tounfuld  the  lawsof  the  pbenomena."  1 
rule,  well  known  to  astronomers,  who  hive  always  followed  t 
much  as  possible,  and  facilitated  in  our  days  by  the  analysis, 
become  one  of  the  most  powerful  means  in  tlie  hands  of  atoi 
astronomy. 

"  From  this  eKamination  it  follows  that  the  actual  height  of 
tides  in  the  harbour  of  Brest  &ur|)ass<is  by  about  a  45th  the  heij 
determiaed  by  former  observations.  A  part  of  this  diflerenct  i 
proceed  from  the  distance  of  the  points  at  which  these  obsertai 
were  made.  Another  part  may  be  ascribed  to  errors  in  the  obK 
tions.  But  these  two  causes  ds  not  appear  to  me  sufEcient  to  ] 
duce  the  whole  difference,  which  would  indicate  with  great  pn 
hility  a  secular  change  in  the  action  of  the  sun  and  moon  on 
tides  at  Brest,  if  we  were  certain  of  the  accuracy  of  the  grxdua 
of  the  ancient  scale,  taking  under  consideration  its  inclimitio 
the  horizon.  But  the  uncertainty  that  eitists  in  this  respect  prer 
us  from  giviDg  an  opinion  respecting  this  cliBfigc,  which  ongh 
Dk  the  attention  of  future  observers.  Philosophers  will  be  surpi 
at  the  agreement  of  the  ancient  and  modern  obiervatioDS  withi 
other,  and  with  the  theory,  with  respect  to  variations  in  the  be 
of  the  tides,  depending  on  the  declinations  and  the  distances  of 
heavenly  bodies  from  the  earib,  and  on  the  laws  of  their  incren 
and  decrement  in  proportion  to  their  distance  from  their  mnsin 
and  minimum.  I  had  nol  considered  these  laws  in  the  Mechan 
Celeste  relative  to  the  variations  of  distance  of  the  moon  from 
earth.  Here  1  consider  them,  and  I  find  tbe  same  agreement 
tween  observation  and  theory." 

Pliny  states  that  the  highest  and  lowest  tides  do  not  happso 
cisely  at  the  epochs  that  he  mentioned  a  little  above,  hut  somei 
later.  H  e  adds  that  they  tuke  place  two  equinoctial  hours  alia 
passage  over  the  meridian.  And  the  reason  which  he  gives  is, 
9II  the  effects  produced  by  the  heavenly  bodies  require  always  a 
tain  time  to  be  accomplished.  Bernoulli  ascribed  this  retarde 
to  the  inertia  of  the  waters,  and  perhaps  aho  to  the  time  whicli 
noon  takes  in  transmitting  her  action  to  the  earth.  But  M.  Lap 
has  shown  that,  attending  to  tbe  inertia  of  the  waters,  the  hig 
tides  would  coincide  with  the  sizygies,  if  the  sea  r^ularly  cov 
the  whole  earth.  He  has  ascertained,  from  the  whole  of  tbe  cele 
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)s,  that  atiraction  transmits  itself  with  a  velocity  incoin* 
fcly  more  rapid  than  that  of  light  itself.  The  true  cau^e  of  the 
Iflatioii  13  the  rapidity  of  the  motion  of  the  planet  in  its  orbi^ 
ptaed  wirh  the  local  circumstance  of  the  harbour.  The  most 
■rkiAle  thing  in  this  explenation  is,  that  the  same  cause  may 
kee  the  ratio  which  exists  between  the  actions  of  the  sun  and 
fca.  This  particularity  might  ap|>ear  merely  paradox- 
ical, if  it  were  not  founded  upon  a  rigorous  calculus.  To  recogniK 
jt,  and  establish  it  more  certainly  Irom  observation,  M  Laplace  hfli 
«ontrived  a  method,  of  which  we  can  only  give  a  general  idea ;  foe 
in  order  to  understand  it  we  must  have  before  our  eye«  tlie  formuln 
xnd  ihe  calculations  of  the  author. 

.  The  formula  which  expresses  the  action  of  the  aan  is  composed 
«f  two  ternn.  At  the  equinox  the  Aide  is  the  sum  of  these  two 
tnms;  at  the  solstices  it  is  the  dilference.  Observations  made  at 
tliese  two  points  will  let  us  know  the  ratio  of  the  two  terms,  and 
.the  iocreaient  produced  by  the  differeme  of  their  movements  Tlifa 
incmnent  is  almost  insensiide  for  the  ^un;  but  it  h  very  sensible 
fcr  lh«  moon,  whose  motion  is  13  times  more  rapid,  and  whose 
anion  on  the  sea  is  three  times  greater. 

By  employing  this  method  in  the  iVlechanique  Celeate,  the  author 
had  IVxmd  that  this  increment  was  at  least  one  tenth,  and  heolw 
tcrved  that  an  element  so  delicate,  a  result  so  singular,  required  to 
bt  determined  by  agpeaier  number  of  comparisons.  By  the  ne* 
lAscrvations,  employed  in  twice  the  number,  this  increment  is 
fiiBnd  to  he  almve  an  eif^hth.  Another  method,  founded  on  a  com- 
parison of  the  tides  towards  the  apogee  and  perigee  of  the  moon^ 
leads  to  a  result  quite  similar.  So  that  M.  Laplace  considers  it  ai 
cerbiH  that  the  increment  of  the  action  of  the  heavenly  bodies  oa 
the  tides  in  the  harbour  of  Brest  does  not  adroit  of  any  doubt.  But 
the  remark  is  so  important  that  he  has  thought  it  necessary  to 
(ttengthen  it  by  all  possible  means.  Till  a  long  series  of  observe 
tioos  estalilish  the  fact  better,  and  furnish  the  true  measure  of  the 
•DCrement,  tho  enly  way  of  coming  to  conclusions  was  to  apply  to 
it  the  getieral  formulas  of  probability.  From  the  preceding  caJcu- 
htiwis,  the  increment  would  be  equal  to  01S35  of  the  action  c^the 
Rioon  on  the  ocean.  These  formulas  show  that  it  is  21-tOO  to  1  that 
the  local  circumsiQDCes  in  the  harbour  of  Brest  increase  the  ratio  of 
Ihe  action  of  ihe  moon  to  that  of  the  sun ;  but  it  is  14  to  1  that 
ttie  value  found  is  nut  wrong  by  one  half.  Thus,  concluding  with 
lilt  author  that  the  increment  is  certain,  we  are  likewise  obliged  t« 
(snclude  with  him  that  we  must  wait  for  new  observations  to  b« 
pretty  certain  that  we  are  not  mistaken  with  respect  to  such  small 
^uamities. 

It  is  tl)e  ratio  of  the  actions  of  the  sun  and  moon  on  the  sea  that 
gives  tJic  coefficients  of  the  terrestrial  nutation,  of  the  inequalitv  at 
tht  precession  of  the  equinoxes,  and  of  the  lunar  equation  of 
VMioos  of  the  sun.  But  it  is  obvious  that  we  must,  in  the 
place,  disengage  this  ratio  from  the  effects  of  local  (;\I<:uvIl^^&T 
jv  2 
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Newton  and 'Daniel  Bernoulli  could  not  take  this  correction 
consideration^  because  they  did  not  suspect  it.  By  attending  to  it,  M^ 

Laplace  has  found  that  the  mass  of  the  moon  is  equal  to  ^^  oL 

that  of  the  earth,  from  which  results  9*65^'  for  the  coefficient  o^ 
the  nutation.  This  is  precisely  what  Meyer  found  by  his  theory^ 
to  which  he  added,  the  observations  were  not  in  the  least  contrai 
The  observations  of  Maskelyne  give  only  9*6^^  But  the  20th  of 
second  is  a  quantity  which  never  can  be  obtained  from  observatiooi 
and  very  often  not  from  calculation.  From  his  formulas  of  proh 
bility,  M.  Laplace  has  found  that  it  is  21400  to  1  that  the  nutati( 
is  not  below  9*31'',  nor  above  9*94'^  Astronomers  have  nev< 
supposed  it  below  9^%  and  they  have  never  carried  it  so  high  as  Itf^^ 
It  follows,  likewise,  that  the  inequality  of  the  precession  is  in  loo* 
gitude  18'04^^,  and  the  coefficient  of  the  lunar  equation  of  thi 
tables  of  the  sun  J'SG^^  This  only  differs  six  tenths  of  a  s< 
from  the  coefficient  which  we  have  found  from  the  discussion  ol 
great  number  of  observations  of  the  sun.  But  in  assigning 
value  7*50^^,  we  never  supposed  that  we  could  answer  for  a  diffis- 
rence  so  slight. 

.  M.  Laplace  has  supposed  in  his  calculations  the  mean  parallax  d^ 
the  sun  equal  to  8*59''%  which  he  had  concludied  from  his  lunat 
theory,  compared  with  a  great  number  of  observations  calculated 
by  M.  Burckhardt.  M.  Ferrer  has  just  confirmed  that  parallax  by 
a  new  discussion  of  the  transit  of  Venus  in  1769.  We  obtained 
only  8*56'^  for  that  parallax  from  the  same  transit ;  but  our  object 
was  not  so  much  to  add  to  the  certainty  of  that  element,  as  to  point 
out  new  methods  for  facilitating  the  calculus,  which  is  always  very 
long.  Accordingly  we  adopted  without  discussion  the  longitudes- 
and  latitudes  of  the  different  stations.  We  in  general  took  a  mean, 
of  the  observations,  often  very  discordant,  which  had  been  made  at 
the  same  station  by  different  observers;  while  M.  Ferrel  has  cor- 
rected these  longitudes  and  latitudes  by  new  observations.  Th^ 
discussion  of  the  different  observations  would  have  probably  led  to  a. 
selection  different  from  what  we  made.  In  such  a  choice  we  may 
select  the  observations  which  agree  best  with  those  made  ia 
other  places;  hy  doing  which  the  results  will  agree  better  with 
each  other.  We  shall  very  readily  agree  that  the  probability  is  in 
favour  of  the  result  of  M.  Ferrer;  but  probability  is  not  cerUiinty. 
The  observation  of  transits  is  difficult,  because  they  are  rare,  be- 
cause the  motion  is  verv  slow,  and  because  the  diameter  of  Venus 
is  very  small.  They  cannot  be  depended  upon  nearer  than  20^'  of 
time.  We  have  only  21^  in  time  to  determine  the  parallax.  Hence 
it  would  only  be  certain  to  a  60th  part  if  we  had  only  one  observa- 
tion in  which  the  errOr  was  as  great  as  it  might  be.  But  the  mean 
of  a  great  number  of  observations  may  diminish  the  error.  We 
may  then  with  great  probability  affirm  that  the  parallax  of  the  sun 
k  neither  ahov^^S'JO^^  nor  below  ^'50'%  But  we  cannot  from  the 
traiisit  determine  .whether  it  should  be  8*56^^  or  8-60'''*    Perhaps  we 
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ly  arrive  at  greater  precision  by  anotker  way ;  but  that  of  the 

« iDsits  will  ahvays  be  the  most  direct  one,  and  the  one  which 

jneeds  least  calculation.   But  it  requires  long  journeys,  and  it  occyrs 
aeldom  ;  therefore  no  other  method  should  be  neglected. 


Article  XIII. 

SCIENTIFIC   INTELL16£NC£;   AND   NOTICBS  OF  SUBJECTS 

CONNECTED  WITH  SCIENCE. 

I.  New  Aerolite. 

On  Oct.  3^  1815,  a  large  stone  fell  from  the  heavens  about  four 
jues  south-east  from  Langres,  in  France.    It  fell  from  a  dark 
loe  cloud,  with  a  considerable  noise,  and  appeared  as  if  it  had 
^n  broken  into  small  pieces  by  an  internal  explosion.     It  differed 
^iagood  deal  in  its  appearance  from  common  aerolites.    It  was  very 
soft,  felt  smoother  and  lighter,  and  had  no  action  on  the  magnet. 
"^  '      analysed  by  Vauquelin,  he  found  it  destitute  of  nickel  and 
sulphur,  and  all  the  iron  in  it  in  the  state  of  red  oxide.    It  con- 
chromium  in  the  metallic  state,  or  nearly  so.     Its  constU 
["^Jtneols  were  as  follows  : — 

Silica 33-9 

Oxide  of  iron 31*0 

'  Magnesia 32*0 

Chromium 2*0 


98-9 
Loss     I'l 


100-0 


*  It  appears,  then,  that  this  aerolite  constitutes  a  new  species.-— 
:   jpcte  Ann.  de  Chim.  et  Phys.  vol.  i.  p.  45.) 

II.  Tunbridge  Wells  Wixter. 

.  Dr.  Scudamore  has  just  published  an  analysis  of  the  celebrated 
nineral  spring  at  Tunbridge  Wells,  which  seems  to  have  been  con- 
ducted with  great  precision. 

The  specific  gravity  of  this  water,  at  the  temperature  of  IQP,  at 

.  viuch  it  always  rises  from  the  spring,  was  1*0007*   It  is  transparent, 

kif  a  strong  chalybeate  taste,  and  becomes  muddy  when  left  for 

Ame  hours  exposed  to  the  air.    A  gallon  of  the  water  was  found  to 

iootaiu—  .       . 

Of  gaseous  matter 13*3   cub.  in. 

.  Of  salipe matter  .•....••*...    ,7*^.gw*. 


I 


I 


"The  gaseous  matter  con&isted  of  J 

Onb.  Id.  1 

Carbonic  wid 8-OS  J 

Oxygen    .....O-fiO  J 

Azote 4-75  ] 

13-3       ^m 

He  saline  matter  coDsjsted  of  ^^M 

Common  salt   2-4fi  ^^H 

Mariate  of  lime 0*99  '  ^^H 

Muriate  of  magaeslB 0'29  ^^H 

Sulphale  of  lime     1-41  '^H 

Carbonate  of  lime 0-27  ^^H 

Oxide  of  iron 2-29  ^H 

Trace  of  mauganese  aad  iosolubls  matter. .  0*44-  ^^H 

Loss   0-J3  ^H 

From  this  analysis  there  would  seem  to  be  &  small  exeets  tfjH 
bonic  add  in  the  1i<]uid  more  than  is  sufficient  to  keep  the  exidfrtf] 
iron  and  lime  in  solutiun.  1  eooceive  that  an  atom  of  OKide  of  iroR 
and  an  atom  of  lime  require  each  two  atoms  of  carbonic  acid  M 
keep  ihem  in  solution  The  eight  cubic  inches  of  carbonic  arid 
weigh  3'7  grains,  2"8  grains  of  ihis  will  be  required  to  keep  the 
oxide  of  iron  in  solution,  and  012  grain  to  keep  in  solution  tbc 
carbonate  of  lime ;  so  that  ihere  is  an  excess  of  0'9  grain,  or  very 
nearly  two  cubic  inches  of  carbonic  acid. 

III.  Highland  Dress. 
Most  of  my  readers  will  be  surprised  to  be  infomcd  that  the 
phitibeg,  or  short  kilt,  so  commonly  worn  in  the  highlands  of 
Scotland,  was  not  the  original  dress  of  these  mountaineers.  They 
originally  wore  a  kind  of  tartan  pantaloon,  calkd  trews.  Mr. 
Thomas  Rawlinson,  an  EnglishmaQ,  who  began  an  iron  manu&Cr 
lory  in  Inverness-shire,  about  the  year  1724,  was  the  person  who 
fiist  introduced  the  kilt.  This  dress  was  found  so  convenient  that 
it  was  very  soon  generally  adopted.  See  Culloden  Papers,  p.  103, 
•r  the  Edinburgh  Magazine  fur  17S5>  where  the  fact  is  staled  io  a 
letter  fnmi  Evan  Baillte,  of  Obcriaolsin. 

IV.  Gnfiiallixaiion  tf  Lime. 
Gay-Luasac  has  lately  ascertained  that  pure  lime  erystaHixes  in 
Kgular  six-sided  prisms.  His  method  of  proceeding  whs  very  in- 
genious. H«  put  a  qwintiiy  of  lime-water  inro  an  open  ghss  veosd, 
which  he  enclosed,  together  with  another  open  vessel,  contmniiip 
strong  sulphuric  acid,  in  the  esbaustcd  receiver  of  an  air-pump. 
Wfaen  the  sulpfawic  acid  became  too  weakw  act  pfweifally  od  toe 
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pqueous  vapour^  it  was  renewed.    By  this  nMattt  the  time-traler  ^as 

1e  to  evaporate  |Mttty  rapidly,  asdl  fn^fmentB  of  regiilar  six-rided 

risms  were  deposited  in  abandance.    He  gives  a  short  account  of 

caperioients  m  the  Aanalfs  de  Chiaiia  and  Hiysiqaa  for 

ih^  just  published. 

V.  On  Dioptase. 

(To  Dr.  ThoinBOB.) 
SIR, 

The  notice  you  have^  kindly  taken*  in  the  last  number  of  yeur 
\jfmi(Usf  of  my  communication  of  the  2d  of  April  lait,  at  the  same 
Nnne  calls  for  my  acknowledgments  and  gives  the  opportunity  of 
tltendiiu^  my  view  of  the  subject  then  before  me. 

By  referring  you  to  Berzehus,  who  considers  the  dioptase  as  a 
sDkiate  of  copper  merely^  and  to  the  analysis  of  Lowit^  perhaps 
enknown  to  Berzelius,  ]  certainly  did  not  consider  your  new  ore  of 
eopper  as  a  dioptase  when  I  stated  they  had  much  resemblance  to 
:  uA  Other.  Being  possessed  of  both,  I  have  bad  frequent  occasioop 
.  to  compare,  them;  and  by  showing  how  the  double  combination  of 
r  copper  with  carbonic  acid  and  silex  was  formed,  I  considered  that  I 
fiU  sufficiently  maintained  tlie  distinction. 

In  support  of  that  distinction,  I  propose  to  submit  to  you  the 

:  MliiBBtmi  of  the  eleetn>-ehemical  theory  to  the  analysis  of  Ix)wit^ 

wmk  I  adopt  as  a  correct  aRalysis»  bv  which  I  liope  to  afibrd  yoa 

r  teodMlr  ittstenee  from  a  modem  analysis  of  the  truth  of  that  theory^ 

•  tei  its  vtili^  as  a  test  to  the  accuraey  of  analyses,  at  the  same  time 

i^rifing  the  mscovery  of  the  real  composition  of  minerals*    In  my 

ke  eomeawiicatbn  I  endeavoured  to  show  that  your  new  ore  ot 

topper  is  a  trisUieiate  anked  to  a  carbonate  of  the  same  basis,  or  a 

male  aeid,  in  which  one  atom  of  copper  united  with  three  atoma 

iifriieKaBd  one  atom  of  cartxmic  acid  in  the  same  nrineral.    I 

dell  now  attempt  to  show  from  the  analysis  alluded  to  that  the 

fspladc  k  a  tiisilietate  of  copper  united  with  a  bihydrate  of  tbp 

Mne  bests. 

The  dioptase,  as  analyzed  by  Lowitz^  2  Lucas,  p.  352,  is— 

Oxide  of  copper • •  •  66 

Water 12 

Silez  , S3 

Now  if,  as  before,  I  am  allowed  to  suppose  that  the  copper  la 
tfirily  divided  between  the  $ilex  and  the  water,  the  constitution  of 
ne  ifliiaeral  will  be— ^ 

Oxygen. 

OvMeef  eopper  united  to  silex..  27*5  contains  5*46  ....  1 

^de  ef  eopper  enited  to  water. .  27*5  5*46  ....  1 

Water    12-0  lO'SS  ....  2 

Sfa^.. «5-0  16-S8  .•••  3 

1(» 


Heoce  the  mineral  is 

One  atom  of  copper  combined  with  three  atoms  of  silex,-^ 
also  the  case  in  your  neiv  ore  of  copper;  and 

One  atom  of  copper  combined  to  two  atoms  of  water ;  < 
Cm  H«  +  Cu  S'  -. 

The  minerals  agreeing  in  their  combinations  of  the  base  n 
common  acid,  we  have  to  admire  the  order  of  nature  that  thi 
of  the  base  with  another  acid,  for  so  I  must  consider  • 
operate  in  this  instance,  has  not  varied  the  proportion. 

I  may  here  be  allowed  to  quote  the  obsenation  of  Ha 
p.  560,  that  the  aqueous  principle  which  has  been  I 
garded  as  necessary  to  the  reguiur  assemblcige  of  the 
matter,  appears   in  this  instance  of  the  essence  of  the  cons 
of  the  minenil. 

I  am.  Sir,  your  obedient  humble  servant, 

June  3,  1816.  An  Electro-Chemical  Thijoi 

VI.  Remarks  on  Arsenious  Acid,  and  on  Nitrate  of  Silver  a 
of  that  Substance,    By  Mr.  R.  Phillips. 

(To  Dr.  ThoniBDn,} 
DEAR  SIR, 

Id  your  account  of  the  Improvements  in  Physical  Science  for  then 
Year  1815  {Annals  of  Pkilosopkt/,  vol.  vii.  p.  33)  you  mentloDM 
memoir  by  M.  Fisher  on  the  properties  of  arsenic,  in  which  he 
states  that  "  white  oxide  of  ai^enic  is  insoluble  in  water.  Its  solu" 
lion  tiikes  place  only  when  it  is  changed  into  an  acid  by  combining 
with  a  greater  proportion  of  oxygen,  which  it  absorbs  at  the  expense 
of  the  undissolved  portion.  Hence  the  reason  why  the  undissolved 
portion  .loses  its  while  colour,  and  becomes  of  a  dirty  yellow.  This 
change  takes  place  at  all  temperatures  between  that  of  the  common' 
temperature  of  the  atmosphere  and  boiling  water." 

Having  considerable  doubts  of  the  accuracy  of  these  statements,! 
I  boiled  a  fragment  of  white  oxide  of  arsenic,  weighing  about  &) 
drachm,  in  successive  portions  of  distilled  water.  From  the  com-l 
mencement  to  the  close  of  the  operation  no  discolouration  whatever 
of  the  oxide  occurred,  and  it  was  dissolved  by  the  water  without' 
leaving  an  atom  insoluble.  Each  portion  of  the  solution,  treated' 
with  ammonia  and  nitrate  of  silver,  gave  the  well  known  yellon 
precipitate  which  indicates  arsenious  acid. 

As  M.  Fisher's  experiments  are,  therefore,  totally  inaccurate,  iti 
is  perhaps  scarcely  worth  while  to  inquire  whether  he  supposes  that 
the  portion  of  oxide  which  combiucs  with  the  larger  quantity  of 
oxygen  is  arsenic  acid,  or  an  intermediate  oxide.  That  no  arsenic 
acid  is  formed  during  ebullition  is  evident,  because  the  precipitate 
which  the  solution  yields  with  silver  is  yellow,  instead  of  possessing 
the  brick-red  colour  described  by  Klaproth  as  characteristic  of 
BTseniate  of  silver.     (E^ssajm,  vol.  ii.  p.  151.) 

la  the  Ajmak  of  Philosophy,  vol.  vii,  p.  236,  you  also  i 
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that  the  experiiileDts  of  a  student  at  Guy's  Hospital  had  occasioned 
some  doubt  whether  the  yellow  colour  of  arsenite  of  silver  is  suffi- 
ciently characteristic  of  that  substance  to  prevent  jt  being  con- 
founded with  phosphate  of  silver. 

I  have  made  several  comparative  experiments  on  the  subject,  and 
I  am  warranted  by  the  results  in  asserting  that  it  is  impossible  in 
many  cases  to  distinguish  arsenite  from  phosphate  of  silver.     I  do 
-  not  mean  to  deny  that  by  special  management  those  who  are  pre- 
viously acquainted  with  the  nature  of  the  substances  on  which  they 
ire  experimenting  may  produce  slight  shades  of  difference;  but 
•'  whilst  engaged  in  investigating  the  subject,  I  repe&tedly  obtained^ 
^  inrathout  any  care  ^s  to  proportions  in  either  case,  precipitates  <^ 
arsenite  of  silver  and  phosphate  of  silver,  which  so  perfectly  re- 
sembled each  other  that  to  distinguish  them  was  impracticable; 
consequently  it  seems  to  me  that  silver  can  no  longer  be  admitted  a^ 
a  test  of  the  presence  of  arsenious  acid,  without  the  corroboration 
of  additional  evidence. 

I  remain  yours  truly, 

London,  May  25,  1816.  It  PhILLIFS. 

VII.  On  the  Fossil  Bones  found  by  Spallanxani  in  the  Island  ^ 

Cerigo. 

(To  Dr.  Thomson.) 
,   IR, 

In  perusing  Cuvier's  justly  esteemed  Elssay  on  the  Theory  of  the 
emhf  I  was  struck  by  an  assertion  of  that  celebrated  naturalist 
respecting  the  fossil  bones  described  by  Spalanzani*as  existing  in  the 
idand  of  Cerigo,  and  which  the  Italian  philosopher  has  attributed  to 
the  human  species.  M.  Cuvier  affirms  that  the  fossil  bones  brought 
from  Cerigo  by  Spalanzani  have  none  of  them  ever  formed  part  of 
a  human  skeletou,  as  he  had  examined  every  individual  fragment  of 
those  deposited  at  Pavia  by  the  Italian  naturalist ;  and  Professor 
Jameson,  in  a  mineralogical  note  on  Mr.  Black's  translation  of 
Cuvier's  essay,  says  that  the  error  of  supposing  such  bones  to  be 
human  had  been  detected  by  Blumenbach. 

•  I  have  not  the  presumption  to  pass  any  remarks  on  the  circum- 
stance of  such  men  as  Spalanzani,  Cuvier,  and  Blumenbach,  being 
80  entirely  at  issue  on  a  question  of  this  nature.  As  the  first  men- 
tbned  philosopher,  however,  has  long  ceased  to  be  a  party  to  the 
discussion  of  afiairs  in  this  world,  and  consequently  canriot  rescue 
bfa  reputation  as  a  skilful  naturalist  from  mortal  attacks,  by  entering 
the  litfts  even  with  such  an  antagonist  as  M.  Cuvier,  I  did,  I  assure 
you,  experience  no  small  pleasure  in  having  a  circumstance  brought 
ttnder  my  observation,  which  in  my  opinion  went  a  great  length  to 
confirm  my  belief  of  Spalanzani's  accuracy  in  this  instance,  with- 
out at  all  interfering  with  the  justice  of  Cuvier's  beautiful  theory. 

In  the  year  181 1  I  saw  in  the  island  of  Cephalonia,  at  no  great 
Uttancefrom  Cerigo,  a  great  many  catacombs,  resembling  thoie  of 
Syraenie  and  Malta,  wmch  had  been  dug  at  reinote  ^ciiadii'  v^% 
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lime  stone  rock,  similar  to  that  of  the  grotto  of  St.  Paul's,  ia 
and  in  these  tombs  human  bodies  had  been  interred.  Proni 
immeoiorial  these  sepulchres  had  remained  closed,  til)  the 
officer  coinmandiD}!;  in  Cephalonia  in  1^10  liad  c«used  them  to  it 
opened,  and  discoverifd  oiany  human  skeletons,  *everal  of  which 
were  in  a  fos'-il  state.  1  procured  several  of  the  bones,  and  UiH 
have  some  of  them  tn  my  possus^ion. 

The  cause  of  these  bones  having  become  fossil  may  easilj  b«  ti- 
plained,  by  the  circumstance  of  ihe  roof  of  the  caiaeombB  havio| 
at  dittereut  times  given  way,  and  thus  aHivded  a  passage  to  waltt 
from  ilie  surface  of  the  eanli  into  the  interior  of  ihe  tombs.  Thk 
water  had  become  impregnated  with  caleateous  maitri'  from  tli*  * 
Totk,  with  u'hieh  it  hud  ihut  come  in  contact;  and  this  stretB 
passing  over  the  bones  liad  in  its  turn  iiisinuaiei:'  the  limey  particle^ 
which  it  held  in  solution,  inio  their  £ub«tancp.  In  this  ivay  toBM 
of  the  hones  had  becoine  so  iiitimaiely  joined  with  the  adjaceU 
Tock  on  which  ihey  reposed  as  lo  havt  the  appearance  of  having 
been  imbedded  iu  the  strata  at  a  time  when  the  whole  had  been  in 
a  fluid  state. 

Should  the  above  communication  appear  deserving  of  a  place  id 
your  Atmait,  you  will  oblige  me  by  inserting  it. 

1  remain,  Sir,  your  very  humble  servant, 
June  14,  1816.  R.   Y. 

VIII.  New  Hygrometer. 

Mr.  Daniel  Wilson,  of  Dublin,  has  contrived  a  new  hygroiD«l<f> 
wliich  promises  to  be  more  delicate,  and  much  more  accurate,  tbm 
»ny  instrument  of  the  kind  hitlierto  thought  of.  He  takes  lk« 
urinary  bladder  of  a  rat,  which  is  a  small,  stout,  spherical  body, 
and  ties  it  firmly  to  the  lower  extremity  of  a  thermometer  tulH> 
The  bladder  is  then  filled  with  mercury ;  so  that  wlien  the  bladdn 
is  exposed  to  a  perfectly  moist  atmospliere,  the  mercury  stands  neiC 
tlie  bottom  of  the  tube.  This  point  is  marked  zero.  The  instrument 
is  noW  suspended  in  a  glass  vessel,  together  with  a  quantity  of  strong 
sulphuric  acid,  so  as  to  render  the  atmospliere  with  which  it  is  sur- 
rounded as  dry  as  possible.  The  dimensions  of  the  bladder  dimioisb 
somewhat,  in  consequence  of  which  the  mercury  rises  in  the  tube. 
The  point  at  which  it  remains  stationary  is  marked  100°,  and  (be 
distance  between  0  and  iOO  is  divided  into  100  equal  parts,  at 
degrees;  so  that  0 on  this  instrument  denotes  etttreme  moiatufe, 
and  ItX)  denotes  extreme  dryness.  Perhaps  it  w^mld  he  Bdvbabje  to 
reverse  the  scale,  by  placing  0  at  ilie  point  of  extreme  dryness,  aod 
100  at  the  point  of  extreme  moisture.  This  instrument  is  sodelicste 
that  the  approach  of  tlie  hand  makes  it  st»k  several  degrees.  Mr- 
Wilson  has  made  comparative  experiments  with  these  iaMrumenta 
for  more  than  a  year ;  during  which  time  they  did  not  alter  their 
nature,  and  they  corresponded  quite  correctly  with  each  other  at  the 
end  of  ibe  time.  The  invemiH-  has  takeo  out  s  patent  for  his  iit> 
sUumen^  aad  theie  u  reaeon  to  hope  that  it  wiil  soon  be  on  a ' 
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^Bi*  Ansu^  to  Mr,  Atkinsorfs  Observations  in  the  Annals  of 
Phihst^iiyf  vol  vL  p.  509 :  and  en  the  lUsobUkn  of  Biqmadraiw 
Equations,    Bj  Mr.  Lockhart. 

(To  Dr.  ThooifOD.) 
•     SIR, 

Circumatances  ba^  prevented  me  from  giving  earlier  considera- 

.  tioQ  to  Mr.  Atkinson's  letter  published  last  October  in  the  Annals, 

^  h  k  there  aatcrled,  and  made  the  premises  of  subsequent  reasoning, 

f  Jhit  the  quantity  ^  —  «  is  negative  in  reducible  equations.     I  shall 

put  ijm  aaserdon  to  the  te«t  of  such  an  equation,  for  instance  x'  -^  2  x 

=  4,wheiei  =  2, /=l+'/-l,and  /«  -  ^  =  2  V  —  1  —  i 

s  s 

whick  ii  not  a  negative  quantity,  but  an  imaginary  or  fictitious 

qoantity.    This  quantity^  /*  —  ~,  as  connected  with  the  equation 

.  $^  »»  h  X  ^  c,  k  either  positive,  or  zero,  or  imaginary,  never 

Mgtt^.     It  is  unnecessary  to  discuss  this  subject,  because  the 

dgebraist  can  determine  by  an  easy  practice  oi  a  few  minutes^  on 

.   iKh  Bumerical  equations  as  he  may  choose  to  select,  whether  the 

:    fantity  asserted  to  be  negative,  is  so  or  not,  or  whether  Mr.  Atkin- 

am  or  I  have  RKire  correctly  conceived  the  nature  of  the  roots^ 

As  to  the  number  of  cube  roots  belonging  to  numerical  Quantities, 

1^  I  am  of  opinion  that  it  is  infinite.    This  is  no  new  opmion.    A 

,''  learned  friend  has  lately  informed  me  that  it  was  discussed  in  the 

■    Leiprig  Acts  about  40  years  since.    I  do  not  perceive  that  Mr, 

I    Atkinson  has  proved  or  disproved  any  thing  relating  to  this  subject, 

tUek  the  conekidkig  part  of  his  letter  might  induce  your  readers 

f   Is  suppose  had  been  done;  much  less  has  he  dismissed  from  the 

\   ftMittoq  those  imaginary  quantities  which  perplex  the  science  of 

[   a^p.hiB,  and  whieh  on  that  account  I  much  wish  discarded  froai  it 

iirever. 

And  Qow,  Sir,  I  beg  leave  to  introduce  a  new  subject  to  yotn* 

!    Dofee.    There  is  m  passage  of  frequent  recurrence  in  the  mimitable 

.    woik  FWraritB  Redivivus,  of  Mr.  Baron  Maseres,  in  the  following 

r    iwrfc:'  **  which,  however,  I  do  not  know  bow  to  prove.'*    The 

learaed  Baron  is  then  resolving  biquadratic  equations  according  to 

tbe  method  of  Descartes.     I  would  refer  you  particularly  to  p.  3SS, 

where  tlie  equation  treated  on  is  j:;*  —  r  a?  «=  5.    The  employment 

of  the  three  letters,  «,  fy  and  ^,  causes  much  perplexity  in  the 

^iMMti!«fcion«  which  does  sot  satisfy  me,  nor  many  other  aJge« 

Wajsta,    While  mediMkig  on  this  subject,  I  discovered  a  metbdd 

loiooJjf  of  fcsohing  aB  bmomial  biquadratic  equations,  emfiloyinf 

Mly  t«»isii*eni,  but  ako  the  symbolical  lesolution  of  equations  if 

iH4epme  of  the  frrms  of*  ±:  p  x  :=f  5,  ofimnected  witb  nndta 

ih||iih)4y  urtertstMig  te  acienoe.    These  I  will  ^send  you  in  a  sno* 

teediinf  ^<^«    The^quMkkn  a^  ^rm  zs  s  is  Desolved  ki  tfe  faU 
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The  equations x*  —  a x  =  b,  x*~a'  +  2abx^  ^•m 
have  the  common  roots,  namely,  ^  ±  •/  (^  +  t).    Tofi 
Talucs  of  a  and  i,  put  a'  +  2  a  b  =  r. 

a*  1/  +  b*  =■  s 

~  '  gfl  )  *  =  — r? — '  a*  t  = ^ 

Hence  a"  +  4  ^  a-  =  r",  which  is  (he  cubic  of  Descartes 
Talue  of  a  being  thus  obtained,  b  is  kuown  from  the  simple  eqnl 
tioD  a'  +  2  a  t  =  r;  and  by  means  of  the  equation  ic'  —  a  j;  = 
the  atSrmative  and  negative  values  of  x  are  found.     The  imp* 
Toots  are  contained  in  the  equation  x'  -\-  ax  =  —  o*  —  t. 
I  am,  Sir,  yoiif  obedient  servant, 

FuldHiad,  Jaw  6,  1816.  JaM£S  LoCKHiJUT.J 

X.  MooU'Slone. 
There  is  a  mineral  of  a  while  colour,  and  beautifully  opalescent 

which  is  found  in  rolled  pieces  in  the  island  of  Ceylon.  Ii  has  beea 
long  known,  and  highly  valued,  by  jewellers  under  the  name  of 
moan-stone.  Mineralogists  have  always  arranged  it  along  wifk 
felspar ;  but  It  does  not  appear  that  its  true  mineral  characters  hate 
ever  been  ascertained,  or  that  any  person  has  subjecied  it  to  chft- 
inical  analysis.  Mr.  Mawe,  of  the  Strand,  to  whom  this  circoiii- 
■tance  had  been  mentioned  by  Count  Bournon  during  bis  late  visit 
to  London,  had  the  liberality  to  sacrifice  some  very  &ue  polished 
specimens,  which  were  worth  a  coDsIderable  sum,  in  order  \a 
enable  mc  to  decide  the  point.  I  have  accordingly  examined  this 
itone,  and  the  result  leaver  no  doubt  that  it  is  in  reality  perfectly 
pure  felspar.  When  broken,  it  appeared  foliated  with  a  double 
rectangular  cleavage,  a  property  which  is  well  known  to  characterize 
felspar.  Dr.  Wollaston  took  the  specific  gravity  of  a  fragment 
which  did  not  weigh  much  more  than  half  a  grain,  and  found  it  to 
be  2'G,  which  is  as  near  the  specific  gravity  of  adularia,  namely^ 
2'56-l,  as  could  be  expected  with  so  small  a  fragment.  The  che- 
mical analysis  led  to  uoihmg  new.  It  exhibited  silica,  alumini* 
and  potash,  as  in  common  felspar ;  but  my  experiments  were  mude 
on  so  small  a  scale  that  1  do  not  choose  to  stale  the  proportions 
which  I  found,  for  fear  of  misleading  others. 

XI.  Lepidolile. 

Mr.  Holme,  of  Peter  House,  Cambridge,  found  lepidolite  in 
abundance  in  beds  of  primitive  lime-stone  at  Dalmally,  and  other 
parts  of  Inverness-shire.  When  the  lime  is  burnt,  the  lepidolite 
still  remains  unaltered,  and  may  be  obtained  in  a  separate  state  by 
dissolving  tb.e  lime-stone  in  a  weak  acid.  I  got  a  specimen  from 
him  of  lime-stone  containing  many  small  scales  of  lepidolite,  which 
had  been  burnt  or  reduced  to  quick-lime  about  two  years  ago.  I 
presume,  however,  that  the  calcination  bad  beea  very  imperfect} 


». 
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the  spedmen  ttill  retained  a  good  deal  of  compactness,  and  was 

in  that  friable  sute  which  a  piece  of  quick-lime  left  to  the 

till  it  is  again  saturated  with  carbonic  acid  assumes.    The  high- 

%iids,  at  least  where  the  lepidolite  occurs,  are  at  a  considerable 

distance  from  coal.  Hence  fuel  b  an  object  of  considerable  expense^ 

and  of  course  the  formers  economise  it  as  much  as  possible.  Indeed 

I  have  seen  peats  employed  for  the  purpose  of  burning  lime  in  that 

country. 

XII.   Carburet  of  Phosphorus. 

In  the  year  1799  M.  Proust,  to  whose  sagacity  we  are  indebted 
r  the  dbcovery  of  so  many  important  chemical  fects,  announced 
e  existence  of  a  compound  of  carbon  and  phosphorus,  and  de- 
icribed  some  of  its  properties.  (Ann.  de  Chim.  vol.  xxxv.  p.  44.) 
It  is  the  substance  which  remains  behind  when  new  made  phos- 
phorus in  a  liquid  state  is  made  to  pass  through  shamois  leather. 
He  says,  likewise,  that  the  red  substance  which  remains  behind 
when  phosphorus  b  converted  into  phosphorous  acid  by  slow  com- 
hsdon  is.  carburet  of  phosphorus.  It  does  not  appear  that  these 
\-  'iBertions  of  Proust  have  been  constated  by  subsequent  experi- 
I  ^neDters.  Nor  am  I  aware  that  the  existence  of  carburet  of  phos- 
r  {hdrus  is  recognised  by  chemists  at  present.  I  have  had  occasion 
to  examine  the  red  substance  which  remains  behind  after  the  com- 
hastbn  of  phosphorus  more  than  once.  In  general  it  is  an  oxide  of 
phosphorus^  though  I  twice  obtained  charcoal  when  I  exposed  a 
quantity  of  this  red  matter  to  a  strong  heat  in  a  glass  tube.  On 
odier  occasions  I  found  it  oxide  of  phosphorus,  without  any  sen- 
able  quantity  of  charcoal.  This  accounts  for  the  great  difference 
between  the  results  of  the  experiments  of  Vogel  and  Thenard  made 
upon  this  red  substance ;  one  of  these  gentlemen  examined  the  pure 
tndde ;  the  other,  the  oxide  contaminated  with  charcoal. 

Some  time  ago  I  accidentally  discovered  a  real  carburet  of  phos- 
phorus ;  and  I  can  now  procure  it  at  pleasure  in  any  quantity.  I 
ihall  give  an  account  of  the  process  by  which  it  may  be  obtained 
hereafter,  when  I  have  cleared  up  one  or  two  ploints  which  at  present 
perplex  the  theory  of  the  process.  What  Proust  considered  as  car* 
vfjret  of  phosphorus  was  not  that  substance  in  a  state  of  purity,  but 
either  mixed  or  combined  with  oxide  of  phosphorus. 

Carburet  of  phosphorus  has  a  dirty  lemon-yellow  colour.  It  is  a 
soft  powder,  without  either  taste  or  smell.  It  undergoes  no  change 
though  kept  in  the  open  air.  It  does  not  melt  when  heated,  nor  is 
it  altered  in  the  least,  though  kept  in  a  temj)erature  considerably 
higher  than  that  of  boiling  water.  But  at  a  heat  a  good  deal  below 
redness  it  bums,  and  at  a  red  beat  it  gradually  gives  out  its  phos- 
phorus j  but  the  charcoal  remains  behind  in  the  state  of  a  black 
iQatter,  being  prevented  from  burning  by  a  coating  of  phosphoric 
tcid  with  which  it  is  covered.  When  the  powder  is  thrown  over 
the  fire,  in  small  quantities  at  a  time,  it  burns  in  beautiful  flashes^, 
yery  much  like  what  happens  when  Howard's  fulminating  mercin 
>s  treated  in  the  same  manner. 
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By  my  analysis  it  is  composed  <»(  one  atom  of  oarbon  and  c 
Mom  of  pIiOiphoriH.  But  my  analysis  wai  ntfiile  upon  too  smaHj 
scale  i!)  be  coirttt,  unlesf  ihe  t-arburet  be  eniirely  Tree  from  Wttoj 
which  I  have  not  yet  determined  to  a  satisfactory  manner.  K-l 
find  nater,  on  repealing  the  anatyiis  on  a  greater  stale,  I  siwll  ll 
led  to  expect  to  find  iwo  atoms  of  ovrixtn  fer  one  atom  ot  t 
phonis.     My  present  aoalytiE  on  one  grain  gare 

Carbon     O-SS 

Fhosplionis 0-62 


1-00 


Article  XIV. 

Neu/   Patents. 


James  YoimiK,  of  Theobald's-road,  Mid<lles«,  Ircomfmgtry 
for  an  invention  for  the  prevention  or  cuie  of  imokey  ehimwij*. 
March  23,  181«. 

Abraiiam  Koeuns,  of  Sheft,  Halifax,  coal-merchant;  for  • 
method  of  ejecting  a  saving  in  tlie  consumption  of  coal  or  fuel,  by 
an  improvement  in  the  mode  of  setting  or  heating  boilers  of  steam- 
togines,  and  oiber  bodies  of  different  descriptions;  also  for  beating 
and  warming  stores,  drying- bouses,  manufactories,  and  other 
buildings;  and  for  burning  di^Terent  dcscripiioiiB  of  glasses. 
March  23,  1816. 

Henht  Osbornb,  of  Bordesly,  near  Birmingham;  for  a  method 
or  principle  of  producing  various  cylinders.     March  23,  1816. 

William  Lewis,  of  firimscomb,  dyer;  for  a  machine  for 
fulling  woollen  or  other  cloths,  that  require  such  process,  April  5, 
1816. 

JosBPH  TuRN»R,  of  Layton,  mechanic;  for  an  improved  rotary 
engine,  and  an  applicaiion  thereof  to  useful  purposes.     April  8, 

isia. 

William  Atkinson,  ofBeniinck-street,  Mary-le- bonne,  archi- 
tect ;  for  a  method  or  methods  of  forming  blocks  w-ith  bricks  and 
cement  in  the  form  of  ashlar  stone,  for  building,  so  as  to  have  the 
appearance  of  stone.    Aprils,  1816. 

John  Woodhopsb,  of  Bromsgrove,  civil  engineer;  for  a  method 
of  forming  the  ground  for  roads  and  pavements,  and  also  for  paving 
and  repairing  old  pavements  and  roads.     April  y,  1816. 

William  Stenson,  of  Coleford,  engineer;  for  an  improved 
•Dgine,  to  be  worked  by  steam,  or  any  olherpower.    April  9,  1816. 

William  Lassalle,  of  Bristol;  for  a  new  method  or  con- 
trivance for  an  improvement  in  the  construction  of  a  gig,  and  of 
oards,  so  called  in  the  clothing  and  other  manufactories,  or  other 
machines  or  instruments  used  and  employed  in  such  manu&ctorietf 
tor  the  same  or  similar  purposes.     Apiil  23,   lill6. 
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REMARKS. 


June  23.  "^  Cloudy  morning :  showery  day ;  evening  cold* 
24.  Cloudy  morning :  a  strong  cold  wind  from  the  N.  W, 
26.  The  early  part  of  the  morning  was  fine  :  wind  N.  £. :  changed 
4o  the  S,'Wv  -between  10  and  1 1  o'clock,  and  began  to  rain,  which 
eontinued  without  intermission  all  day  :  in  the  evening  and  night, 
was  extremely- heavy..  27.  Morning  very  much  overcast:  the  raia 
fidlen  from  nine  o'clock  yesterday  morning  to  nine  o'clock  this- 
Hiorning  aniouQts  to  2*05  inches,  a  very  unusual  quai^tity  for  the 
neighbourhood  of  London.     29,  30.  Foggy  mornings:  overcast. 

July  1. — A  Stratus  on  the  marshes  at  night.  2.  A  little 
l!km  about  10  o'clock^  p.  m.  4.  Showery  day  :  some  hail  about 
llitee  o'clock,  p.  m. :  wind  variable,  chiefly  S.W.  5.  Showery 
morning:  the  day  was  fine.  6.  Morning  overcast:  heavy  dew» 
tk  Showery  morning :  fine  day :  a  heavy  shower  of  rain  between 
nine  and  ten  o'clock,  p.  m.  10.  Showery  morning  :  fine  afternoon. 
12I.  Cloudy  morning :  squally  afternoon.  IS.  A  heavy  shower  of 
lain  about  ten  o'clock,  p.  m.  14.  A  gentle  rain  nearly  all  the  day. 
15.  Rainy  morning :  showery  day.     16.  Very  rainy  day. 

RESULTS. 

Winds  variable  :  for  the  most  part  Westerly. 

Barometer:  Greatest  height 30"07  inches 

Least 29*54 

r  Mean  of  the  period  ....  29*816 

Thermometer :  Greatest  height 7S^ 

Least 46 

Mean  of  the  period  ....  60*3 

Evaporation^  3*62  inches.        Raln^  5*13  inches. 

Laboratory,  Stratford,  Essbx,  JOHN  GIBSON. 

-■  ■  ■  July  IS,  1816. 

*    *«*  During  (he  absence  of  Mr.  Howard,  the  Editor  has  been  favoui^d  wHli 
a  continuation  of  the  Journal  by  his  friend  Mr.  Gibson. 
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SEPTEMBER,  1816. 


Article  I. 

Geological  Sketch  of  the  CourUry  round  Btrmingham, 
By  Thomas  Thomson,  M.D.  F.R.S. 

[AT  part  of  Stafibrdshire  which  borders  upon  BirmiDgham  haa 
^  ^^^  long  distinguished  by  its  collieries^  and  contains  the  thickest 
Vd  of  coal  known  to  exist  in  any  part  of  Great  Britain.  Mr.  Keir^ 
of  Birmingham^  who  wrought  one  of  these  collieries,  drew  up  an 
account  of  the  structure  of  that  neighbourhood  about  20  years  ago, 
vhich  was  published  in  the  first  volume  of  Shaw's  History  of 
Staffordshire.  I  spent  about  a  month  in  Birmingham  during  last 
April  and  May,  and  took  the  opportunity  of  comparing  Mr.  Keir's 
descriptions  with  the  places  described,  and  likewise  of  visiting 
Kveral  spots  which  he  does  not  notice.  I  was  thus  enabled  to  form 
s  general  notion  of  the  structure  of  that  part  of  England,  and  I 
shall  endeavour  to  state  here  as  concisely  as  possible  the  result  of 
ny  observations.  They  were  confined  to  a  circle,  the  radius  of 
which  was  about  15  miles,  and  of  which  Birmingham  constituted 
fc  centre. 

Birmingham,  as  is  well  known,  lies  nearly  in  the  centre  of  Eng- 

hnd;  and  its  neighbourhood,  especially  towards  the  north  and  north* 

■   west,  for  an  extent  of  at  least  16  miles,  seems  to  me  to  be  the  most 

C^Iqus  part  of  England  which  I  have  seen,  always  excepting 
adon  and  its  immediate  vicinity.  When  we  stand  upon  the  hill 
on  which  Dudley  Castle  is  built,  the  whole  country,  as  far  as  the 
^yc  can  reach,  appears  one  continued  town.  This  is  owing  partly 
^the  great  number  of  iron  furnaces  which  exist  in  the  neighbour- 
'^d  of  Pudley,  and  partly  to  the  manufacture  of  nails,  more  of 
which  are  made  in  this  country  than  in  all  the  rest  of  Great  Britain 
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put  together.  The  nailors  live  in  detached  cottages  scattered  up 
and  down  the  country,  having  each  a  small  smithy  attached  to  i^ 
in  which  the  man^  his  wife^  and  children,  are  all  busily  employed 
in  making  nails. 

Birmingham  is  elevated  about  500  feet  above  the  level  of  the 
sea,  and  is,  therefore,  perhaps  the  very  highest  part  of  the  great 
tract  of  level  country  which  constitutes  so  considerable  a  portioa 
of  the  south  of  England.  Its  elevation  has  been  well  ascertained  by 
means  of  the  numerous  canals  which  proceed  from  it  in  all  direc- 
tions,  and  afford  a  level  both  to  the  east  and  west  coiast.  It  must 
be  observed,  however,  that  the  height  above  the  level  of  the  sea^ 
as  determined  by  canal  locks,  is  not  to  be  implicitly  depended  on; 
for  according  to  the  data  furnished  by  the  canals,  the  Irish  Sea  is  50 
feet  above  the  level  of  the  German  Ocean.  From  the  position  o{ 
the  Irish  Sea,  and  the  great  height  of  its  tides,  we  might  expect 
its  level  to  be  rather  higher  than  that  of  the  German  Ocean ;  byt 
50  feet  is  certainly  far  beyond  the  truth.  Barbeacon,  a  conspicuous 
spot  about  eight  miles  north  of  Birmingham,  is  750  feet  above  the 
level  of  the  Thames  at  Brentford.  Mr.  Creighton  determined  its 
height  above  Birmingham  by  levelling.  He  found  that  the  height 
of  this  spot,  as  given  by  the  authors  of  the  trigonometrical  survey, 
deviates  no  less  than  150  feet  from  the  truth.  The  highest^  peak  of 
the  Rowley  Hills,  about  eight  miles  west  from  Birmingham,  is  900 
feet  above  the  level  of  the  Thames  at  Brentford. 

The  formations  of  which  this  part  of  England  is  composed  are 
four  in  number.  The  following  are  their  names,  beginning  With 
the  lowest,  and  terminating  with  the  highest : — 

1.  Lime-stone. 

2.  Coal  formation. 

3.  Basalt. 

4.  Sand  and  sand-stone. 

1.  The  coal  formation  in  Fife,  Mid-Lothian,  Clackmannanf, 
Northumberland,  Durham,  and  Lancashire,  appears  to  lie  imme- 
diately over  the  old  red  sand-stone.  But  this  does  not  appear  to  be 
the  case  in  the  southern  part  of  Staffordshire.  The  only  rock  which 
has  been  detected  undei'  the  coal  formation  is  a  lime-stone,  which 
forms  a  range  of  low  hills  situated  between  Wolverhampton  and 
Dudley.  It  appears  also  at  Walsal  and  Dawend,  where  it  is  very 
extensively  quarried,  and  likewise  near  Sutton  Colfield,  a  few  miles 
to  the  east  of  Walsal.  The  probability  is,  that  this  bed  of  lime- 
stone stretches  under  the  whole  of  the  coal  in  this  district,  though 
it  has  been  observed  only  in  the  places  which  I  have  just  mentioned, 
because  in  these  it  protrudes  itself  through  the  coal  formation.  It 
would  not  be  surprising  if  this  bed  of  lime-stone  lay  over  the  old 
red  sand-stone ;  though  this  is  an  opinion  that  will  not  be  soon 
verified  in  this  part  of  the  country ;  and  I  am  not  aware  of  any 
part  in  the  neiglibourhood  where  the  lime  crops  out  in  such  a 
manner  as  to  lihow  us  the  kind  of  rock  which  it  covers. 


16iS.]    GeehgkdShtchoftheCoimiryrfmdBhrmmgh^     163' 

There  are  three  Kme-stone  hills  lying  between  Wolverbamptoa 
and  Dudley;  namely,  Sedgely  Hill^  Wren's  Nest  Hill^  and  Dudley 
GasAt  Hilh  They  occupy  ah  extent  which  does  not  seem  to  exceed 
dffee  miles  in  length,  and  perhaps  half  a  mile  in  breadth.  They 
ait  round-backed  hills,  nearly  flat  at  top,  and  the  highest  point  of 
Aem  18  only  900  feet  above  the  level  of  the  sea.  They  are  dis* 
tigctly  s^tratified.  The  beds  dip  at  an  angle  which  cannot  be  less 
dun  45° ;  and,  what  is  curious,  they  dip  two  ways.  Those  beds 
dutform  the  east  side  of  these  hills  dip  east,  and  those  that  form 
die  west  side  dip  west ;  so  that  they  meet  together  at  the  top  of  the 
UH,  forming  a  sloping  ridge,  like  the  roof  of  a  house.  JBut  the 
lyper  part  of  this  ridge  has  been  long  ago  worn  away  by  the  weather; 
fir  the  outer  beds,  which  can  alone  be  seen,  break  off  before  they 
oome  in  contact  with  each  other.  If  these  beds  ever  met  at  the 
top,  the  hills  at  that  time  must  have  been  about  one-third  higher 
tbn  they  are  at  present. 

The  lime-stone  of  which  these  hills  are  composed  is  compact,  of 
abloish-grey  colour,  with  a  very  slight  shade  of  red.  Some  of  the 
Mb  are  of  a  crystalline  texture.  These  are  much  whiter  than  the 
:  common  beds.  The  upper  beds  ar^  much  mixed  with  clay,  and 
\iK9t  a  slaty  texture.  Some  of  these  beds  which  I  analyzed  con- 
tiBDed  more  than  half  their  weight  of  clay.  The  purest  specimens 
were,  composed  of 

Carbonate  of  lime  • . . .  • • 92*(> 

Insoluble  matter 7*4 

1000 

This  lime-stone,  which  is  very  hard,  and  not  in  the  least  traas- 

lucent,  abounds  in  petrifactions.    The  most  common  of  these  are 

bivalves,  usually  of  small  size,  and  constituting  various  species  of 

the  terebraiula  of  conchologists.    I  saw  also  abundance  of  a  very 

common  madreporite,  which  has  not  yet  received  any  specific  name. 

Eotrochi  also  are  frequent  ingredients  ;  but  the  most  extraordinary 

fixsil  is  the  one  commonly  known  by  the  name  of  Dudley  fossil.   A 

figure  of  this  fossil  is  given  by  Parkinson  in  the  third  volume  of  his 

(Aganic  Remains  of  a  Former  World,  PL  XVII.  Figs.  1 1  and  14. 

It  is  also  figured  in  the  Philosophical  Transactions  for  1753  by  Da 

Coita  (vol.  xlviii.  p.  286).     Eight  or  nine  different  species  of  this 

fairil  have  been  observed ;  but  it  differs  so  much  from  all  other 

known  animals,  that  naturalists  have  been  much  puzzled  how  to 

datt  it.     Linnaeus  gave  it  the  name  of  entomolithes  paradoxus ;  Da 

Costa  called  it  pediculus  marinus)  Martin  conceives  it  to  bean 

^cus\  and  Parkinson  contrives  a  new  generic  name,  triloUtes^  by 

^ch  he  conceives  it  ought  provisionally  to  be  distinguished. 

These  petrifactions^  being  all  the  remains  of  marine  animals^ 
feaonstrate  that  this  lime-stone  rock  was  formed  in  the  sea.  Th« 
^P  of  the  beds  on  the  west  side  of  these  hills  is  greater  than  on 
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east  side.    This  at  least  is  strikingly  the  case  at  Sedgely  Hill,  wt 

is  the  furthest  north  of  the  range. 

There  can  be  no  doubt  that  the  coal  formation  lies  over  the  lit 
stone  at  Dudley  ;  for  the  different  coal  beds  have  been  traced  to 
lime-scone  hills,  against  tlie  sides  of  which  they  terminate,  bend 
up  very  sensibly  against  these  sides.  On  the  west  side  of  these  h 
where  the  dip  of  the  lime-stone  is  greater,  the  coal  formation  i 
appenn  much  sooner  than  on  the  east  side.  Mr.  Keir  considers 
fact  as  a  proof  that  the  lime-stone  hills  have  been  forced  up  throi 
the  coal  formation  in  this  place,  and  have  occasioned  its  eleval 
so  as  to  bring  it  within  the  reach  of  human  industry.  But  this 
genious  speculation,  though  plausible  at  first  sight,  will  scan 
bear  a  rigid  examination.  If  we  suppose  the  lime-stone  hilU 
have  existed  in  their  present  jwsition  before  the  coal  beds  were 
posited,  we  see  a  reason  why  the  coal  beds  should  incline  aga 
their  sides,  and  should  be  higher  there  than  at  a  distance.  1 
would  be  thinner  as  they  rose  against  the  sides  of  the  hills,  am 
course  would  suffer  a  proportionally  less  contraction  on  dty 
Hence  the  apparent  twist  in  the  coal  beds.  If  the  lime-stone 
been  forced  up  through  the  coal  beds,  it  would  he  difficult  to  ( 
ceive  how  its  regular  stratification  could  have  continued.  It  is  ir 
natural  to  believe  tliat  the  lime-stone  was  originally  deposited  in 
very  position  which  it  now  occupies,  and  that  the  coal  beds  y 
deposited  at  a  subsequent  period, 

2.  The  coal  formation  makes  its  appearance  a  little  to  the  a 
of  Stourbridge  and  Hales  Owen,  and  coal  pits  exist  in  Beaudt 
Park,  which  is  about  IG  miles  further  north.  It  is  not  kot 
whether  tlie  coal  beds  continue  without  interruption  to  the  norll; 
parts  of  Si  affords  hi  re,  where  the  potteries  are  established, 
where  coal  is  found  in  great  abundance.  The  breadth  does 
much  exceed  four  miles.  At  the  southern  extremity,  Stourbri 
may  be  considered  the  boundary  on  the  west,  and  Hales  Owei 
the  east.  Now  the  distance  between  these  two  towns  in  a  strai 
line  does  not,  I  think,  exceed  four  miles.  As  we  advance  no, 
the  eastern  edge  advances  gradually  eastwards,  and  at  its  nortb 
extremity  is  nearly  as  far  east  as  Birmingham,  But  the  west 
edge  experiences  nearly  the  same  casting ;  so  that  the  directloi 
the  coal  formation  here  is  north  by  east. 

Some  years  ago  lx)rd  Dudley  cut  an  underground  canal  to 
lime- stone  quarries  near  Dudley,  in  the- course  of  which  undertal 
all  the  coal  beds  between  the  lime-sloue  and  the  ten  yard  coal  v 
cut  through.  All  the  coal-pils  in  this  country  go  as  low  as  the 
yard  coal,  in  which  their  great  workings  always  exist.  HentS 
the  diH'crent  beds  which  constitute  the  coal  formation  in  this  p! 
have  been  cut  through,  and  are  known.  The  following  table 
hibits  the  names  and  thicknesses  of  these  ditFerent  beds  as  de 
mined  by  Lord  Dudley's  canal,  and  by  a  coal-work  at  Tividale 
the  parish  of  Rowley,  wrought  by  Mr.  Kcir.  This  tablc^ 
1 


tablcn 
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torn  Mr.  Keir's  paper  above-mentioned,  making  such  altera- 
n  it  as  will  serve  to  render  it  more  intelligible  to  the  reader. 
.  with  the  lowest  bed,  which  lies  immedktely  over  the  lime- 
tnd  terminate  with  that  bed  which  constitutes  the  immediate 
of  the  earth : — 


ies  of  the  Beds. 


lte-clay     

me-stone  ••••«. 

ite-clay     

^1 

ite-cIay     

al 

ite-cbiy     

al 

avel  ?    « •  • 

al 

ite-clay     

ite-cIay     

tl 

tte-clay     

al 

:uminous  shale  • . 

tte-clay     

al 

luminous  shale  • . 

ite*clay     

nd-stone  

Ite-clay     

tl.. 

ite-cIay     

od-stone • 

od-stone   

nd-stone   •••••• 

nd-stone 

Lte«clay     •..••• 

ad-3tone 

ite-day   ^•.•,.. 

ite-clay    

ite-clay     • 

•al 

Ite-clay     

«1 , 

Ite-clay     •••... 


Local  ti^aaies  of  Ditto. 


Wild  measures    

Lime-stone 

Wild  measures     ....«.«. 

1.  Coal .^ 

Wild  measures 

2.  Coal 

Black  measures    

3.  Good  coal '•••-. 

Rough  spoil •  • 

4.  Good  coal 

Wild  measures 

Pot  clay 

5.  Heatking  coal . . « 

Clunch  and  iron-stone .  •  • . 

6.  Main  coal •  • 

Black  batt 

Catch  earth 

7*  Chance  coal 

BUckbatt    

Clunch  add  iron-stone  • « •  • 
Rock  or  rock  binds  ••«•;• 
Cluiich  binds   

8.  Chance  coal 

Clunch  parting    • 

Strong  rock 

Rock  with  laminffi  of  coal.  • 

Strong  rock 

Rock  binds 

Clunch  with  iron-stone    . . 

Rock  binds 

Clunch  with  iron-stone    • . 

Clunch  binds   

Penny  earth  with  iron-stone 

9.  Coal 

Black  clunch   

10.  Broach  coal 

Kind  clunch 


rfA. 


Thiicltnett. 


Ydt. 
SO 
10 

76 
0 

40 
5 
2 
3 
2 
3 
9 
2 
2 

7 
10 

0 

0 

0 

2 

0 

2 

1 

0 

0 

1 

1 

1 

5 

4 

5 

0 

8 

2 

0 

2 

1 

0 


Ft.  Id. 
0     0 


0 
2 
2 
0 
0 
2 
1 

a 

0 
0 
0 
0 
0 

1 

0 
2 


1 
1 
1 

2 
2 
2 
2 
1 
1 
1 
0 
1 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 

7 

9 


0  10 

0  0 
2  9 
2  10 

1  0 
0    9 

0  10 

1  0 


0 
0 
0 
0 
0 
9 
0 
0 
3 
0 
9 
0 


Carried  f(ifwwrd\l^    %   1 


3S.  Sand-stone   . . . 

39.  Slmle  ? 

40.  Sand-stone    , . , 

41.  Sand-stone   . . 

42.  Slate-clay     . . , 

43.  Slate-clay     . . 

44.  Coal 

45.  Clay 

46.  Slate-clay     .. 

47.  Slate-clay     .. 

48.  Sand-stone   . . 

49.  Clay  with  coal 

50.  Saad-stoae  . . 

51.  Slate-clay     .. 

52.  Slate-clay  .. 
63.  Slate-clay     .. 

54.  Sand-stone    . . 

55.  Slate-clay     . . 

56.  Slate-clay     .. 

57.  Slate-clay     . . 

58.  Claymixedwithcoal 

59.  Slate-clay     ., 

60.  Sand-stone   .. 

61.  Slate-clay     .. 

62.  Clay 

63.  Slate-clay  . . 
C4.  Red  clay  .... 
65.  Soil 


Brought  over 

Rock  binds 

Parting  emitting  fire-damp 

Rock  .biads 

Rock    

Fine  clunch 

Fire  clay 

Coal  called  two  foot  coal . , 

Soft  clunch 

Cluncb  binds    

Kind  clunch  with  iron-stone 

Black  rocky  stuff 

Smutt 

Rocky  black  stuff 

Wild  stuff    

Binds  with  balls  of  grey  rock 

Red  wild  stuff , 

Greenish  rock 

Red  wild  stuff , 

Grey  clunch     

White  clunch 

Smutt 

Clunch  with  iron-stone  in  it 
Rock  with  coal  interspersed 
Red  coloured  roach  . . . 

Blue  clay 

Brown  coloured  roach 

Brick  clay    

Soil 


Total  thickness  313 


From  this  table  we  see  that  the  beds  distinguished  by  difli 
names  in  this  coal  formation  amount  to  G5,  and  that  Its  n 
thickness  is  3 13  yards,  1  foot,  and  3  inches,  or  about  156  fathi 
The  main  coal,  which  is  the  great  object  of  the  colliers  in 
country,  is  about  60^  fathoms  below  the  surface  in  the  neighb 
hood  of  Dudley.  The  beds  of  coal  are  11  in  number,  five  a 
and  five  below  the  main  coal.  The  first  bed  occurs  at  the  d 
of  55  yards,  or  27^  fathoms,  below  the  surface ;  but  none  of 
beds  above  the  main  coal  are  considered  as  worth  working, 
beds  below  the  main  coal  are  of  very  considerable  thickness.  T 
,  pf  them  are  wrought  in  the  neighbourhood  of  Dudley ;  but  m 
fiQT&  dde  of  BUstoD,  and  in  Cannock  Chacci  are  the  beds  w 
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>Iy  the  country  with  fuel.    The  main  coal,  or  ten  yard  coal, 

sists,  in  £ict,  of  13  different  beds,  some  of  them  lying  close  to 

other,  and  others  separated  from  each  other  by  very  thin  beds 

[slate-clay,  called  partings.     The  foUo^ring  table  exhibits  the 

'  les  and  thickne^  of  these  different  beds,  as  stated  by  Mr.  Keir, 

the  Tlvidale  Colliery.     I  have  compared  them  with  some  other 

lieries^  and  found  them  nearly  the  same : — 

Yds.  Ft.  In. 

!•  Roof  floor,  or  top  floor 1     1     0 

PartiDg  of  four  inches. 

2.  Top  slipper,  or  spires 0    2    2 

3.  Jays     0    2    0 

[  White-stone,  called  patchel,  one  inch. 

\     4.  Lambs 0  1  0 

I     5.  Tow,  or  Tough,  or  Kitts,  or  Heath 0  1  6 

\     6.  Benches 0  1  6 

7*  Brassils,  or  Corns 0  1  6 

Foot  coal  parting  (sometimes  only). 

8.  Foot  coal,  or  bottom  slipper,  .or  fire  coal   • .  0     1     8 

John  coal  parting  one  inch. 

9«  John  coal,  or  slips,  or  veins ..1     0    0 

Hard-stone,  10  inches,  sometimes  less. 

10.  Stone  coal,  or  long  coal 1     1     0 

1 1.  Sawyer,  or  springs 0    1     6 

12.  Slipper 0    2    G 

Humphrey  parting. 

13.  Humphrey's,  or  Bottombench,  or  Kid  • .  •  •  0    2    3 

Total  thickness  of  coal . .  9     1     7 

About  five  yards  of  this  main  coal,  namely,  the  lambs,  the 
vpssils,  upper  part  of  John  coal,  bottom  part  of  stone  coal,  and 
iwyer,  consist  of  coal  of  the  best  quality,  which  is  employed  in 
irivate  houses.  The  quality  of  the  remainder  is  inferior.  On  that 
ecount  it  is  used  only  in  the  iron  furnaces,  which  abound  in  this 
•rt  of  the  kingdom.  The  coal  is  of  the  species  of  slate-coal.  It 
oes  not  cake ;  and  burns  away  more  rapidly  than  Newcastle  coal^ 
saving  behind  it  a  white  ash.  But  it  makes  a  more  agreeable  fire, 
Bd  does^  not  require  to  be  stirred. 

"Thecoal  beds  dip  towards  the  south,  and  rise  towards  the  north  ; 
^  Aat  at  Bilston  the  main  coal  crops  out,  and  disappears  altogether, 
k  very  curious  phenomenon  takes  place  at  Bloomfieid  Colliery,  to 
le  louth  of  Bilston.  The  two  upper  beds  of  the  main  coal,  called 
le  roof  floor  and  top  slipper^  separate  from  the  rest,  and  are  dis- 
ingabhed  by  the  name  of  the  flying  reed.  This  separation  grows 
n&r,  and  at  Bradley  Colliery  amounts  to  12  feet,  four  beds  of 
bale,  slate-clay,  and  iron-stone,  being  interposed.  These  two 
oper  beds  crop  out,  while  the  rest  of  the  mdn  coal  goes  on  to 
MModi  and  is  only  eight  yards  thick. 
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To  give  the  reader  some  idea  of  the  degree  of  regularity 

the  diBeient  beds  exhibit  in  this  distriet,  1  shall  give  a  table 

different  beds  bored  through  at  Bradley  colliery,  near  Bilslon, 

ginning,  as  before,  with  the  lowest,  and  terminating  with  the 


I 

in,  I»!f 


NaniM  of  Beds. 

Local  N^«  of  DlHo. 

Thicknoi. 

J     Coal          

Yd.,  Ft  U 

2.  Slate-cky 

3     10 

5    Shale               .    .  . 

Hard  batt 

6.  Clay-iron-stone 

7.  Slate-clay 

8.  Slate-clay 

Iron-stone 

10    0 

White  clay 

020 

Blue  clay   

00s 

9    Clay                    .    , 

0     1    6 

12.  Clay-iron-stone 

13.  Slate-clay 

14.  Shale      

Blue  binds 

Bstt    

1     2   0 
I     1    0 

300 

18.  Slate-clay 

Do.  containing  four  thin  iron- 

0    1    0 

20.  Slate-clay 

Clunch 

0    1    6 

Peldon    

020 

23.  Slate-cky  . , 

1     0    0 

25.  Slate-clay 

U     0   0 

27.  Soil 

Soil     .  -     .. 

020 

Total 

56     2    9 

We  see  from  this  table  that  the  greater  number  of  the  bed* 
which  cover  the  main  coal  at  Ti?idale  have  cropped  out  and  disap- 
peared before  the  main  coal  got  to  Bradley.  At  Tividale  the  main 
coai  is  60^  fathoms  below  the  surface ;  at  Bradley  it  is  only  20^j 
paking  a  diderence  of  40  fathoms.  Thus  we  see  that  the  dip  south 
is  pretty  considerable,  amountiiig  probably  to  1  foot  in  90,  Indeed^ 
if  wc  subtract  the  flying  reed,  and  all  the  beds  between  it  a       ' 
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miin  coal,  amoMQting  to  about  threa  iathoms.  we  ibould  iDcreaae 
the  dip  somewhat. 

The  curious  phenomenon  of  the  flying  reed  seems  to  show  veiy 
dearly  that  the  different  beds  of  which  the  main  coal  consists  were 
deposited  at  different  times,  and  at  considerable  intervals  from  each 
>ther.  During  one  of  these  intervals  the  beds  separating  the  flying 
reed  from  the  rest  of  the  main  coal  seem  to  have  been  deposited 
towards  the  north  of  the  field,  while  no  deposit  whatever  took  place 
towards  the  south  of  the  field. 

The  substances  which  occur  in  this  goal  are  the  same  as  those 
Found  in  the  coal  of  other  coal-fields;  namely,  1.  Iron  pyrites^ 
which  occurs  chiefly  in  that  bed  of  the  mahi  coal  called  Brassils, 
and  which  furnishes  a  coal  of  the  best  quality.     2.  Galena  in  very 
small  plates  and  strings;  it  occurs  likewise  in  the  Newcastle  oOal. 
3.  Gypsum  and  calcareous  spar :  both  of  these  (chiefly  the  former) 
may  be  seen  occasionally  in  thin  plates  encrusting  pieces  of  coal. 
When  the  coal  is  in  small  fragments  it  is  called  mucks  by  the  ooUiers. 
These  small  fragments  are  left  in  the  mine,  and  constitute  nearly 
one-third  of  the  whole  coal  in  the  bed.     The  pillars  left  standing 
probably  amount  to  another  third  ;  so  that  the  miners  in  this  country 
eatract  only  one-third  of  the  coals,  and  leave  two-thirds  in  the 
mine.    This  wasteful  mode  of  working  is  to  be  ascribed  to  the  low 
price  of  coals.     As  far  as  I  have  had  an  opportunity  of  judging,  and 
I  have  been  in  most  of  the  coal  countries  of  Great  Britain,  the  price 
<rf  coals  at  Birmingham  is  less  than  any  where  else  except  Glasgow.* 
.  The  consequence  is,  that  the  small  coal  will  not  bear  the  expense 
of  removal.     It  is,  therefore,  left  in  the  pits  in  prodigious  quan- 
tities, where  it  is  speedily  destroyed  by  the  weather.    It  is  a  pity 
that  this  enormous  waste,  which  must  hereafter  be  dreadfully  felt  in 
that  country,  could  not  be  prevented.  The  consumption  of  coals  in 
this  part  of  England  is  prodigious.    All  the  neighbouring  counties^ 
to  a  considerable  distance,  are  supplied  by  means  of  the  numerous 
caaals  of  which  Birmingham  constitutes  the  centre.    Besides  this, 
an  immense  quantity  of  coal  is  required  for  the  iron  works,  which 
ve  established  in  the  neighbourhood  of  Dudley  to  the  amount  of 
^.  These  smelted  an  immense  quantity  of  iron;  probably  more  than 
the  quantity  manufactured  in  all  the  rest  of  Great  Britain.  But  the 
hw  price  to  which  iron  has  of  late  sunk  (about  9/.  or  10/.  sterling 
ftt  ton)  has  in  a  great  measure  destroyed  this  formerly  lucrative 
aanufactory.    No  less  than  32  of  the  68  furnaces  have  stopped,  ot 
iten  bloum  out,   as  the  phrase  is  in  Stafibrdshire.    The  Welsh 
QKm  manufacturers,  it  seems,  produce  a  greater  proportion  of  iron 
from  their  ore,  and  work  with  less  coals  than  they  can   do  in 
Statfordshire.     They  are  able,  in  Consequence,  to  undersell  them* 
This  opposition  has  been  carried  so  far  as  to  sink  the  price  of  iron 

*  I  consider  the  wonderful  rapidity  with  which  Glasgofw  has  advanced  in  popn* 
\l^f  maoiifactures,  and  trade,  as  owing  in  a  great  measure  to  this  circumstance. 
^^ii^iaMtaats  pay  less  for  their  coals  than  is  paid  in  every  other  part  of  Creat 
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much  lower  than  it  seems  possible  to  manufacture  it  at.  Before  ^ 
late  peace  it  sold  at  Iti/.  per  ton,  which  was  almost  double  its  pt& 
scDt  price. 

Tracts  of  coal  occur  in  this  conl-field  distinguished  by  a  blacket 
colouf)  possessed  of  less  lustre,  antl  burning  with  less  flame,  than 
ibe  common  coal.  Such  tracts  are  called  blacks.  It  contains  lest 
bitumen,  and  approaches  nearer  to  coke  than  the  rest  of  the  coal. 
In  cracks  of  the  superincumbent  beds  there  occur  shining  pieces  of 
coal,  like  Kilkenny  coal.  According  to  Mr.  Kcir,  it  is.  imbedded 
in  cubic  cells,  formed  by  Uiin  planes  of  calcareous  spar,  intersecdng 
each  otlier  at  right  angles.  \ 

This  coal-field  contains  a  less  number  of  sand-stone  beds  lias, 
the  coal  formations  in  Scotland  and  the  north  of  England.  The' 
slate-clay,  called  in  that  country  ciunch,  is  harder,  has  more  lualre, 
and  is  composed  of  finer  particles,  than  slate-clay  in  the  coal  for- 
mation generally  is.  The  bait  is  a  black  slate  or  shale,  which  msf 
be  split  into  very  th!n  tragments,  and  which  in  general  eontflini 
much  less  bitumen  than  bituminous  shale.  It  approaches  more 
nearly  to  drawing  slate  in  its  appearance,  only  its  slaty  fragments 
are  much  thinner.  The  clay- iron -atone  occurs  in  various  beds,  but 
is  only  wrought  in  two;  namely,  in  the  bed  that  occurs  under  the 
broacli  coal  In  the  neighbourhood  of  Wednesbury,  and  in  that 
which  occuis  under  the  main  coal.  This  last  is  the  bed  usually 
wrought  for  iron  ore.  This  ore  is  what  mineralogists  term  ciay- 
iroa-sloiie.  It  is,  in  fact,  a  carbonated  hydrate  of  iron,  usually 
mixed  with  clay.  Probably  the  proportion  of  clay  is  greater  here 
tlian  in  Wales.  This  would  account  for  the  greater  produce  of  the 
Welsh  ones,  and  the  smaller  quantity  of  fuel  which  they  consume. 
This  iron  ore,  when  taken  out  of  the  mine,  is  built  up  in  hemK 
called  llooTTis,  four  feet  long,  three  feet  wide,  and  22  inches  hii^ti. 
It  b  considered  as  weighing  35  cwt.,  each  cwt.  being  1201b.: 
1000  or  11^00  such  blooms  are  usually  got  from  an  acre  of  goo^ 
mine. 

In  the  Marquis  of  Anglcsea's  park,  called  Beaudesert,  there  is  t 
mine  of  cannel  coal,  which  is  reserved  for  the  exclusive  use  of  tht 
Marquis's  family.  This  coal  has  a  b  town  is  h- black  colour,  ani 
much  less  lustre  than  common  coal.  The  fracture  is  flat  con- 
choidal,  and  quite  smooth ;  but  the  cross  fracture  is  more  rough 
and  on  that  account  has  a  blacker  appearance.  This  coal  is  hard 
and  does  not  soil  the  fingers.  Interspersed  through  it  are  numeroui 
specks  of  a  brown  matter,  very  similar  in  appearance  to  Bovey  coal 

M&ayJ'aults  occur  in  this  coal-field.  They  are  rents  in  the  bods 
which  are  usually  filled  with  clay.  Very  frequently  the  height  C 
the  beds  varies  on  the  two  sides  of  a  fault.  By  a  great  fault  whlcl 
occurs  near  Bitston,  the  dip  of  the  coal  is  reversed ;  that  is  to  saj 
the  coal  beds  on  the  south  side  of  the  fault  dip  south,  and  those  oi 
the  north  side  dip  north.     But  tliis  is  an  unusual  occurrence. 

3.  There  are  11  sm^ll  hills,  constituting  a  range  that  extends  fo 
about  three  milesj  beginning  at  the  town  of  Dudley,  and  terini 
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DBtiDg  about  half  way  between  Hales  Owen  and  Oldbury,  a  little 

beyond  the  village  of  Rowley.     They  appear  at  first  sight  to  be  a 

continuation  of  the  lime-stone  hilU  to  the  north  of  Dudley,  as  they 

xed  neatly  in  the  same  direction,  and  hare  the  same  elevation, 

igb  their  size  is  not  so  great.     But  these  hilb  are  composed. (tf 

r  tllfiereDt  constituents,  and  lie  in  a  veiy  difierent  position  with 

eet  to  the  coal  formation  of  this  country.     TTiey  consul  of  veiy 

D  faaa&lt,  which  in  the  neighbourhood  of  BirmingfaBm  is  called 

tlej/  rag,  because  the  village  of  Rowley  ii  utoated  on  one  of 

e  bas^t  hills,  and  this  hill  appears  to  the  eye  to  be  the  highest 

:  whole  range.    The  names  of  these  hills,   begioiuog  at 

J,  and  proceeding  in  the  order  of  their  position,   are  ai 

w : — Covney,   Tansley,   Bare,   Cook's  Rough,  Ash  or  Cox't 

;h.  Turners,  Pearl,  Hailstone,  TimoiiDB,  Rowley,  Whitworth. 

t  bilU  are  all  covered  with  soil ;  but  aaarriei  have  been  opened 

n1  of  them,  and  the  basalt  of  which  they  are  composed  n 

1  for  mending  the  roads.     The  streets  ta  Binningham  are 

paved  with  it. 

Ipsalt  has  a  greyish-black  coloar.     Its  fractare  u  amall 

,  and  nearly  even,  with  here  and  there  a  little  tendenqr 

jilrnteiy.  Its  lustre  is  glimmering,  owing  to  veiy  small  black 

..[  being  iatersperscd.    They   appear  to  be  prisms.  .  Their 

i  woula  indicate  them  to  be  augile',  but,  ai  their  colour  is 

',  X  rather  consider  them  as  hombtende.    The  banlt  is  opakc^ 

I  Dot  easily  frangible,  breaks  into  frugBienfii  irith  sharp  edgea, 

e  paviors  iu  Birmingham  complain  th&t  they  cannot  break  it 

e  shape  adapted  for  paving  the  streets.     It  if  bard  enough  to 

_  ta,  and  to  strike  fire  with  steel.     It  melta  belbre  the  btow- 

\  nd,  when  heated  in  an  open  fire,  becomas  magnetic,  and 

three  per  cent,  of  lis  weight.  This  siooe  was  analyzed  in  1782 

^Withering,  who  found  its  constituEBti  as  follows;^ 

*■'"    Silica 47-S 

lliumina ,. 32-5 

e  of  iron 20-0 

100-0* 

,  Mug  seems  to  have  miesed  l)ie  lime  and  ioda>  which 

jfcftt  in  Rowley  rag.    But  the  analysis  of  minoali  was  at 

h  jf^inperfecl  a  state,  that  we  liave  more  reasoo  to  admire 

' '  '  ikb  he  actually  attained,  than  to  be  surprised  at  the 

^-»  he  feU. 

ftK  hills  has  a  very  distinct  columnnr  structure. 
L'iiwseen  very  well  by  in^cting  Plate  LV,, 

_. ,  .«,n  "'  a  quarry  as  it  exited  on  Pearl  Hill  in  1808. 

«qv  vinr  wwi  tUtan  by  Mr.  Creighton.    Mr.  James  Watt  got  ao 

•  Phil.  TraiM.  l'\9»,  p,  39T. 
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engraving  execuii;d  from  tbis  drawing  j  and  lie  had  the  goodi 
favour  me  wiili  a  copy,  from  which  the  plate  is  taken. 

Tliese  basalt  hills  lie  above  the  coal  furiORtion,  nhich 
distinctly  traced  passing  under  them.  Hence  Ihey  must  hav« 
deposited  at  a  subsecjucot  period,  and  they  must  be  quite  d 
from  the  coal  formation.  As  there  are  no  other  rocks  in  tbi»' 
with  which  these  basalt  hills  arc  connected,  we  have  no  meamgf 
determining  of  what  other  formation  this  basalt  constitutes  a  part. 
These  hills  would  be  a  very  good  field  for  speculation  between  the 
Vulcanists  and  Neptunists,  as  the  arguments  on  both  sides  might  be 
Mrgfd  without  the  possibility  of  refutation. 

4.  The  bed  lying  immediately  under  the  soil  round  Birmingham 
is  &  red  sand  of  very  considerable  thickness.  In  some  places  it  coo- 
smuies  a  sand-stone  fit  for  the  purpose  of  building.  In  some  it  li  i 
reddish  clay,  which  is  employed  for  making  bricks.  This  bed  ii 
distinctly  stratified,  it  covers  the  coat  beds,  and  occupies  the  greater 
part  of  the  county  of  Warwick,  and  all  that  part  of  Worcestershire 
wbicli  1  examined.  The  ))ortion  of  Staffordshire  which  lies  to  the 
east  of  the  coal-field  consists  of  the  same  red  sand.  At  Hagley  and 
Clent  it  forms  a  range  of  hills,  which  begin  nearly  south  from 
Stourbridge,  and  run  east,  becoming  lower  as  they  proceed,  and 
sinking  into  the  level  country  before  they  get  as  far  east  as  Bir- 
mingham. The  hills  in  Worcestershire,  nearly  to  the  south  ol 
Clent,  of  which  the  Licky  is  the  most  conspicuous,  are  composed 
of  the  same  sand-stone.  But  in  the  Licky  hill  it  almost  entirely 
loses  the  appearance  of  sand-stone,  and  puts  on  that  of  quartz. 
This  quari:i  constitutes  a  hard  rock,  which  breaks  in  irregular  rhom- 
hoidal  fragments,  translucent  on  the  edges,  and  striking  (ire  vnih 
steel.  It  appears  full  of  small  holes,  each  surrounded  with  an  ochiy 
looking  crust.  A  very  careful  inspection  enables  us  to  detect  the 
grains  of  sand  of  which  it  is  composed.  The  cement  is  quartz,  and 
it  appears  to  be  more  abundant  than  the  grains  of  sand.  I  traced 
tbis  quartzy  mass  passing  into  loose  sand  upon  both  sides  of  the  hill, 
so  that  there  cannot  be  a  doubt  that  it  was  originally  in  the  state  of 
sand  ;  though  it  would  not  be  easy  to  say  from  what  source  tbv 
quartzy  cement  was  derived. 

The  uppermost  bed  of  this  red  sand  formation  consists  of  water- 
worn  pebitles,  many  of  them  of  the  size  and  shape  of  a  goose'a  egg. 
These  pebbles  consist  chieHy  of  a  flesh-coloured  quartz,  bearing  ■ 
great  resemblance  to  the  quarizy  sand-stone  of  the  Licky.  I  ob* 
Served  likewise  pebbles  of  chalcedony,  of  flinty  slale,  &c.  These 
pebbles  were  di^iinctly  stratified,  the  same  kind  of  pebble  often 
forming  an  entire  thin  bed,  followed  by  other  thin  beds  of  other 
mattrials.  I  did  not  observe  any  animal  remains  in  this  formatioDj 
though  1  examined  ii  carefully  in  six  or  eight  different  places. 
Here  and  there  1  observed  in  it  thin  beds  of  fine  sand,  coloured 
black  with  manganese;  and  in  one  place  a  thin  bed  of  black  oxide 
of  man^nese,  tolerably  pure^  but  too  thin  to  be  of  any  value. 
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Article  II. 

vpon  the  AheuSf  or  General  Bed  of  ihe  Germam 
Oeeau  and  British  CkanneL  By  Robert  SteveDson',  Civil 
Eogioeer.'* 

In  the  course  of  making  professional  inquiries  regarding  the 
impression  which  the  tidal  waters  of  the  Frith  of  Forth  are  making 
upon  some  of  the  most  valuable  properties  situated  upon  its  banks,  I 
was  imperceptibly  led  to  compare  these  with  other  observations  that 
lutye  occurred  to  me  in  a  pretty  extensive  survey  of  the  coast  of 
Brett  Britain  and  Ireland.  On  this  subject,  involving  not  only  aa 
important  question  regarding  the  economical  interests  of  the  country 
it  laige,  but  also  some  points  connected  with  the  natural  history  of 
the  giobe,  I  shall  lay  before  the  Society  what  occurs  to  me,  ia 
hopes  that  it  may  at  least  have  the  effect  of  turning  the  attention  of 
some  more  skilful  observers  to  its  further  elucidation. 

I  am,  therefor^  in  this  introductory  paper,  to  endeavour  to  prove 
that  the  tidal  waters  of  our  seas  are  actmg  upon  tlie  coast  of  this 
IdDgdom,  and  wasting  its  shores,  by  a  constant  and  almost  iova- 
liable  progress.  This  is,  perhaps,  more  or  less  obvious  to  every 
one;  but  I  shall  here  bring  it  more  distinctly  under  the  notice  of 
Ae  Society,  in  so  far  as  my  intercourse  with  the  different  parts  of 
the  coast  has  afforded  an  opportunity  of  observing;  and  shall  add 
nch  collateral  remarks  as  may  occur  in  the  course  of  this  inquiry. 
Btving  established  tlie  point  in  this  manner  with  regard  to  the 
Vttting  of  the  shores  or  margin  of  the  land  next  the  sea,  I  shall  in 
tiiiture  communication  inquire  into  the  cause  of  this  wasting,  and 
endeavour  to  account  for  it.  Without  supposing  it  tu  proceed  from 
10  increase  of  the  waters  of  the  ocean,  or  to  depend  upon  any  ad- 
veodtious  circumstances  connected  with  the  natural  state  of  the 
tides,  I  propose  to  show  that  it  proceeds  from  a  change  upoti  the 
level  or  depth  of  the  alveus,  or  general  bed,  of  the  German  Ocean 
ud  British  Channel. 

It  would  open  a  field  of  inquiry  too  widely  extended  to  enter 
upon  the  evidence  of  the  water  of  the  ocean  having  in  former  ages^ 
occupied  a  much  higher  level  than  it  now  does.  As  already  said,  I 
un  only  at  present  to  trace  the  encroaching  or  wasting  effects  of  the 
lea  upon  the  land.  In  doing  this,  I  shall  begin  with  the  shores  of 
the  Frith  of  Forth,  and  then  proceed  nortliward  along  the  eastern 
coast  to  the  Moray  Frith,  Caithness,  and  the  Orkney  and  Shetland 
Idands;  next  slightly  notice  the  Lewis,  and  the  western  parts  of 
Scodand ;  and  then  turn  my  attention  to  the  eastern  shores  of 
England,  and  to  the  British  and  St.  George's  Channels.  From  the 
extent  of  coast  just  alluded  to,  it  wilijji        ioui  that  I  can  take  but 

*  Read  at  a  meetiog  of  the  Weriieriatt  Nat  9f  Edinborch. 
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a  very  slight  and  partial  view  of  the  efiects  of  the  sea  upon  tbe^ 
shores  at  particular  bays  and  creeks^  which  might  deserve  fiirtheit 
illustration. 

The  wasting  operations  of  the  sea  are  not  confined  to  the  m 
exposed  parts  of  the  coast,  but  are  observable  upon  both  sides  of 
Frith  of  Forth  westward^  or  above  Queensferry,  where  the  sboniii 
are  defended  on  all  sides  from  the  violent  attacks  of  the  sea  in  storiiif  ^  r 
weather.  Here  we  find,  even  in  this  narrow  part  of  the  Frith|^  * 
that  the  land  is  gradually  washed  away  by  the  tidal  waters,  as,  ftt^  ■ 
ex^ample,  at  Lord  Dundas's  estate  at '  Grangemouth,  and  all  tfa^v  r 
southern  shore  by  the  estate  of  Kinniel  and  the  Earl  of  Hopetooo^f  ^  ^ 
lands,  to  Queensferry,  at  which  place  the  track  of  the  public  itni  b 
is  now  literally  within  sea-mark,  although  at  no  great  distance  of'  = 
time  it  was  defended  from  the  sea  by  a  tract  of  land.  The  samd. 
remarks  are  strictly  applicable  to  the  shores  on  the  northern  side  at 
Culross,  and  along  the  estates  of  Sir  Robert  Preston  and  Lord 
Elgin,  and  all  the  way  to  North  Queensferry.  From  an  inspectioa 
of  charts  of  the  coast,  it  will  appear  that  these  effects  are  not  likely 
to  have  been  produced  from  any  particular  exposure,  as  this  part  olF 
the  Frith  is  completely  land'locked,  and  is  otherwise  well  sheltered 
irom  storms.  These  appearances  would,  therefore,  seem  to  imply 
a  change  upon  the  level  of  the  ocean,  occasioning  an  ouerfilUng  it 
the  various  inlets  of  the  sea. 

Below  Queensferry,  or  to  the  eastward  of  it,  these  effects  ars 
perhaps  still  more  remarkable.  On  the  southern  side  of  the  Frith 
at  Bambougle  Castle,  the  seat  of  the  Earl  of  Roseberry,  in  former 
times  there  was  a  lawn  of  considerable  extent  on  the  eastern  front, 
and  on  both  sides  of  the  castle.  This  lawn  is  now  completdy 
washed  away  by  the  sea,  and  it  has  long  since  been  found  necessary 
to  erefct  a  bulwark  for  the  safety  of  the  walls  of  the  castle,  which  is 
rapidly  approaching  to  an  insulated  state,  so  that  the  Noble  Pro<- 
prietor  has  in, some  measure  been  under  the  necessity  of  building  a 
new  mansion-house  upon  a  more  elevated  situation.  Tracing  the 
same  shore  along  the  rocky  boundary  of  Grantbn,  Royston,  to 
Wardy  and  Newhaven,  we  are  no  less  struck  with  the  powerful 
effects  of  this  element.  Between  Newhaven  and  Leith,  where  the 
subsoil  consists  of  strong  clay  overlaid  by  a  deep  tirring  of  alluvial 
matters,  it  is  in  the  recollection  of  some  old  fishermen  still  livings, 
that  an  extensive  piece  of  link  ground  or  downs  existed  in  front  of 
the  lands  of  Anchorfield,  and  along  these  shores,  on  which  they 
used  formerly  to  dry  their  nets,  and  which  is  now  entirely  washed 
away.  From  the  fishing  village  of  Newhaven  to  Leith,  the  direct 
road  was  formerly  along  shore  on  the  northern  side  of  Leith  Fort ; 
but  the  road  being  now  carried  wholly  away,  and  the  sea  having 
penetrated  considerably  into  a  fif  Id  on  the  eastern  side  of  the  houses 
of  Anchorfield,  the  carriage  road  takes  a  circuitous  route  by  an- 
other way.  A  few  striking  proofs  were  some  years  since  adduced  of 
the  waste  of  the  land  by  the  sea  at  the  citadel  of  Leith,  in  a  law 
process  connected  with  the  Wet  DocVls  l\ieie'j  «xA>Js\«t^'S&x«»aRS<;w 
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<fcr  believing  that  at  some  former  period  the  land  here  had  exteqded^ 
jpobably  as  far  to  the  northward  as  the  Martello  Tower  or  Beacon 
Ibcks.  Proceeding  along  the  southern  shores  of  the  Frith  of  Forth 
ji/bn  Lekh  to  Berwick-upon-Tweed,  many  instances  are  afforded  of 
^  waste  of  the  land  hy  the  sea.  Between  Portobello  and  the 
ilbks  of  Leithy  for  example,  the  public  road  is  in  immediate 
dbnger  of  being  carried  away,  although  but  a  few  years  since  it  was 
jUeoded  by  a  considerable  portion  of  land.  The  shores  near 
ildsselburgb,  at  Morison's  Haven,  at  Prestonpans,  have  suffered 
[natly  from  the  sea;  as  also  the  Earl  of  Wemyss'  lands  of  Gosford^ 
jollenness,  and  all  the  shores  extending  from  Dirleton  Commoa 
0  North  Berwick,  the  Earl  of  Haddington's  lands  of  Tyningham, 
>Dnbar,  Broxmouth,  Dunglass,  to  St.  Abb's  Head,  Eyemoutby 
nd  the  river  Tweed.  To  enter  into  particulars  as  to  the  appear- 
Dces  of  waste  upon  these  shores,  would  be  prolix,  and  perfaapi 
mmteresting*  But  at  all  these  places  I  have  been  eye-witness  to 
he  rapid  waste  of  the  land,  and  the  progressive  encroachment  of 
hesea. 

If  we  turn  our  attention  to  the  northern  shores  of  the  Frith  of 

Porth,  we  shall  find  instances  of  the  same  kind  no  less  remarkable. 

Of  these  may  be  mentioned  the  shores  at  the  estates  of  the  Earls  of 

Moray  and  Morton,  and  Mr.  Fergusson  of  Raith,  the  damage  done 

to  numerous  properties  bounded  by  the  sea,  at  the  towns  of  Kirkaldy 

and  Dysart,  and  the  very  remarkable  and  fantastic  appearance  of 

the  rocks  produced  by  the  wasting  effects  of  the  sea  along  the  shores 

in  the  neighbourhood  of  Wemyss  Castle;    and,  indeed,  all  the 

towns  from  Methil  to  Fifeness,  particularly  the  Elie,  Wester-An- 

stmther  and  Cail,  have  suffered  by  the  encroachments  of  the  sea, 

vbich,  in  some  instances  in  this  quarter,  has  ako  taken  away  parts 

of  the  public  roads,  thrown  down  the  inclosures  of  gardens  and 

fields,  laid  waste  the  piers,  and  even  undermined  and  carried  away 

dwelling-houses.    The  point  of  land  called  FifenesS  affords  another 

proof  of  the  desolating  effects  of  the  sea  upon  the  land.    The 

section  of  the  coast  here  exhibits  strata  of  a  very  soft  and  friable 

nod-stone,  with  iron-stone  and  shale.    This  section  I  have  dis« 

tinctly  traced  between  the  point  of  Fifeness  and  the  Carr  Rock^ 

wluch  lies  about  a  mile  and  a  half  off  Fifeness,  the  whole  distance 

between  it  and  the  shore  forming  a  series  of  shoals  and  half-tide 

locks ;  and  as  this  series  of  rocks,  so  easily  worn  away  by  the  sea^ 

ciQ  again  be  traced  near  Kingsbarns,  at  the  opposite  side  of  the 

bajr,  it  seems  extremely  probable  that  at  no  very  distant  period  in 

the  history  of  the  globe,  this  space  between  the  Carr  Rock  and  the 

land  of  Fifeness,  may  have  consisted  of  firm  ground.    Along  the 

Aores  of  Balcomie  and  Cambo,  belonging  to  the  Earl  of  Kellie, 

tDd  the  estate  of  Pitmilly,  considerable  sums  have  been  expended 

ia  building  and  rebuilding  dt/kes  to  defend  the  land  against  the 

encroachments  of  the  sea;  and,  indeed,  many  of  the  proprietors 

aloQg  the  shores  of  the  Frith  of  Forth,  finding  this  an  endless  ttft 

hit  fiv.  the  present  given  it  up  as  a  hopeless  case.  At  St«  Andtoi 
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th«  famous  castle  of  Cardioal  Beatoun,  which  k  said  originally  tc 
liave  been  at  some  distance  from  the  aea,  now  almost  overhangs  itj 
and,  indeed,  this  fine  ruin  must  ere  long  fall  a  prey  to  the  wavet. 
From  St.  Andrews,  northward  lo  Eden  Water  and  the  rivarTwi 
the  coast  presents  a  sandy  heach,  and  is  so  liable  to  shift,  that  it  19 
dilTicult  to  traee  the  changes  it  may  have  undergone.  It  is  centio^ 
however,  that  within  the  last  century  the  sea  has  made  such  u 
impression  ujxjn  ihe  sands  of  Bairey,  on  the  northern  side  of  ibe 
Tay,  that  the  light-houses  at  the  entrance  of  that  river,  which  w<r 
formerly  erected  at  the  southern  extremity  of  Buttonnes$,  hjiw 
been  from  time  10  time  removed  about  a  mile  and  a  quarter  further 
northward,  on  account  of  the  wasting  and  shifting  of  these  satMJf 
shores,  and  that  the  spot  on  which  the  outer  light-house  stood  is  S 
the  J  jth  centuiy  is  now  two  or  three  fathoms  uiider  waler,  and  isU  \ 
least  three  quarters  of  a  mile  within  ^ooi^-mor^.  These  facnl 
stale  from  information  obligingly  communicated  to  me  by  Geo^ 
Clark,  Esq.  Master  of  the  Trinity  House,  Dundee,  from  there- 
cords  of  that  corporation.  From  the  Tay  all  the  way  along  tbt 
coast  of  Forfar  and  Kincardine  to  Stonehaven,  the  shores  eshibit 
rocks  of  secondary  or  newer  formations,  as  sand-stone  and  brecdi, 
&c.  and  here  the  effects  of  the  sea  are  in  many  places  very  p«- 
ccptible ;  particularly  about  half  a  mile  to  the  westward  of  the  totin 
of  Arbroath,  where  the  public  road  bounds  the  sea  shore,  wlthb 
the  last  SO  years,  the  trustees  for  the  highways  have  been  under  the 
necessity  of  removing  the  road  twice  within  the  fields,  and  thii 
operation  it  has  now  become  again  necessary  to  repeat,  for  the  sifetj 
of  the  traveller.  The  shores  of  the  estate  of  Seaton,  in  this  neigh- 
bourhood, and  the  Earl  of  Norlhesk's  estate  of  Aithie,  includingthe 
promontory  called  the  Redhead,  exhibit  the  most  unequivocal  inarlii 
of  decay  from  the  same  cause ;  and  on  a  very  slight  inspection  the 
continued  progress  of  disintegration  is  deducible  from  the  appea> 
ance  of  the  shores  at  Montrose,  the  North  Esk  river,  JohnshaveO) 
Dunottar  Castle,  and  the  bay  of  Stonehaven.  From  thence  alorg 
the  shores  of  Aberdeen  and  Banffshire,  with  little  exception,  the 
coast  consists  either  of  extensive  tracts  of  sand  or  of  primitive 
rocks,  as  granite,  porphyry,  and  serpentine.  The  shilling  nature 
of  the  sands,  which,  when  dry,  have  been  blown  inland,  and  hare 
covered  nearly  the  whole  parish  of  Furvie,  belonging  to  the  Earl  of 
Krrol,  necessarily  prevents  the  effects  of  the  sea  from  beii3g  rt 
easily  traced  as  upon  the  softer  kinds  of  rocks,  or  on  alluvial 
grounds;  and  although  these  rocky  shores  do  not  yield  so  readily  to 
the  impulse  of  the  waves,  yet  even  the  granite  itself  caimot  with- 
stand the  continued  force  of  the  sea,  which  here  rolls  its  surgo 
upon  it,  in  north-easterly  gales,  with  uninterrupted  violence,  all 
the  way  from  the  coasts  of  Lapland  and  Norway.  We  are  DOt, 
therefore,  so  much  surprised  to  find  incisiom  made  into  the  hardei' 
Focks,  exhibiting  such  extraordinary  cavities  as  the  Bullers  01 
Buchao,  and  other  striking  appearances  on  this  const  near  Pete^ 
htad,  as  to  observe  its  destructive  effects  upon  the  more  slieltercd 


■  Jiudj  as  to  observe 
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diores  of  the  Frith  of  Forth,  formerly  described^  or  those  of  the 
Moray  Frith,  which  we  are  now  approaching. 

After  passing  the  river  Spey,  the  rocks  on  the  shores  belong  to 
the  sand-stone  or  coal  formation,  and  here  again  the  wasting  effects 
of  the  sea  become  more  apparent.    At  the  ancient  town  of  Burgh- 
bead,  an  old  fort  or  establishment  of  the  Danes  was  built  upon  a  . 
laod-sone  cliff,  which,  tradition  says,  had  a  very  considerable  tract 
of  land  beyond  it ;  but  it  is  now  washed  by  tlie  w^ves,.  and  literally 
overhangs  the  sea.     Between  Burgh -head  and  Fort  George,  a  tract 
of  about  25  miles,  the  coast  is  one  continued  bank  of  sand,  which 
bas  undergone  very  great  changes  from  the  blowittg  of  extensive 
land-banks,  which  has  buried  several  hundred  acres  of  the  estate 
)f  Cubin,  and  covered  many  houses ;  not-  have  the  ravages  of  the 
lea  been  less  felt  than  those  of  the  sand-flood  in  this  quarter,  as  the 
)kl  town  of  Findhorn  was  destroyed  by  the  sea,  and  the  site  of  it  k 
DOW  overflowed  in  every  tide.     At  Fort  George  the  encroachments 
of  the  sea  are  likely  to  produce  considerable  damage  upon  the  walls 
of  the  fort,  some  of  the  projecting  bastions,  formerly  at  a  dit^tance 
Grom  the  sea,  are  now  in  danger  of  being  undermined  by  the  water; 
and  it  has  been  found  necessary  to  construct  a  kind  of  chevaztx  de 
fiisej  to  break  the  force  of  the  waves  before  they  reach  the  walls. 
The  same  remarks  regarding  the  destructive  effects  of  the  sea  are 
Ao  applicable  to  the  shores  of  the  Frith  of  Dornoch,  and  more 
ibeltereid  Frith  of  Cromarty,  and  the  great  basin  above  Fort  George, 
lod  even  of  Loch  Beauty.    The  coast  of  Caithness,  the  islands  of 
Orkney,  and  the  southern  parts  of   Shetland,    consist  chiefly  of 
MQ^stone  rocks,  and  from  their  great  exposure  to  the  sea,  it  is  no 
vooder  that  they  appear  in  many  places  to  be  rapidly  wasting.     la 
Orimey  it  deserves  particularly  to  be  remarked,  that  the  Start  Point 
of  Siuiday,  which  is  now  formed  into  an  island  every  flood  tide,  was^ 
even  in  the  recollection  of  some  old  people  still  alive,  one  conti- 
nuous tract  of  firm  ground ;  but  at  present  the  channel  between 
Stnday  and  the  Start  Island^  as  it  is  now  called,  is  hardly  left  by  the 
water  in  neap  tides  ;  and  since  a  light-house  was  erected  upon  this 
Point  about  ten  years  ago,  the  channel  appears  to  have  worn  down 
it  least  two  feet.     It  would  indeed  be  an  endless  task  to  enter  into 
BUDutiffi  regarding  the  waste  observable  upon  the  western  coast  of 
Scotland,  including  the  shires  of  Sutherland,  Ross,  and  Inverness, 
although  defended  from  the  heavier  breach  of  the  Atlantic  Ocean, 
bf  the  chain  of  islands,  consisting  of  the  Lewis,  Harris,  Uist,  and 
wra,  extending  about  120  miles  in  a  north-eastern  and  sputh- 
vestern  dijection,  and  commonly  called  the  Long  Island^  while  the 
Aq[yleshire  coast  is  sheltered  by  the  Westjern  Hebrides,*  including 
thegre^  islands  of  Mull,  Jura,  and  Isla ;  yet  even  in  the  most 
ibeltered.plaoes  of 'this  coast,  as  we  have  seen  of  the  friths  of  Forth 
iid  Moray,  the  sea  in  many  places  ;is>  rapidly  ^vasiSng  the  shores. 
These 'effects,  hawt^vcr^  are  not  less  obvious  on  those  Islands  which 
itfeeKpeseii  to-the^direct  breach  of  tWeOreat  Wekern  Gcean,  aa^ 
briaiiimple^  *in  the  Lewis  jan^  l&oblsMidK    la  >Ciiat  >^aiali\<s^W^^ 
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the  sea  has  overrun  considerable  tracts  of  land,  forming  evety  iide 
extensive  pools  and  many  fordable  clmnnels.  The  extensive  lotp 
link  grounds,  or  downs,  and  all  ihe  sandy  shores  of  these  ivestern 
islands,  and  also  of  Orliney  and  Shetland,  consist  almust  wholly  o^ 
broken  or  {wunded  shells,  ilirown  up  in  the  6rst  instance  by  the 
sea,  and  afterwards  blown  by  the  winds  upon  the  land. 

ObservatioDs  upon  the  wasting  of  the  land  by  i he  encroachment 
of  the  sea  might,  with  great  propriety,  be  made  upon  the  shorn 
of  Ireland,  of  which  1  have  seen  many  instances  on  the  weiWm, 
northern,  and  eastern  coasts,  from  Loch  Swilly,  in  ihe  countv  irf 
Donegal,  to  the  Tusker  Rock,  oft'  the  coast  of  Wexford.  M 
without  enlarging  upon  these  shores,  we  shall  now  turn  our  atten- 
tion to  the  coast  of  England,  which,  with  the  opposite  shores  of| 
Holland  and  France,  form  the  apices  of  the  German  Ocean  and 
British  Channel.  From  the  more  soft  and  yielding  matters  of  whivh 
(hew  shores  are  farmed,  particularly  those  of  England,  which  are 
at  the  same  time  exposed  to  the  violent  attacks  of  the  sea  in  stonsi 
from  the  north-east  and  south-western  directions,  the  wasting 
effects  of  the  sea  are  altogether  so  very  remarkable,  that  it  may  in 
general  be  affirmed  that  these  shores  are  in  a  progressive  state  o( . 
waste.  Beginning  with  the  north- eastern  coast,  examples  of  thii 
will  suggest  themselves  to  the  recollection  of  those  who  are  ac- 
quainted with  the  shores  of  Northumberland,  Durham,  and  Yorli- 
shire,  as  at  Holy  Island,  for  example,  and  the  shores  nearBambo- 
rough  Castle,  where  the  iea  has  made  considerable  inroads  upon  the 
land,  in  the  recollection  of  the  present  inhabitants  of  that  neigh- 
bourhood. Tynemouih  Castle,  situated  at  the  entrance  of  the  rivH 
Tync,  which  now  in  a  manner  overhangs  the  sea,  had  formerly  a 
considerable  extent  of  land  beyond  it;  Tynemouth  Head,  being 
composed  of  a  soft  sand-stone,  is  gradually  worn  away  by  theadioa 
of  the  sea  and  the  eETecls  of  the  weather,  and  every  season  falli 
down  in  such  quantities  that  the  degradation  is  quite  observable  to 
the  inhabitants  of  the  town  ef  Tynemouth.  Upon  tiie  southern 
aide  of  the  entrance  to  the  river  Tyae,  many  acres  of  land  havt 
been  washed  away  from  the  extensive  ebb  called  the  Middens ;  and 
Ihe  same  has  happened  along  the  whole  shores  of  Ihe  county  of 
Durham,  particularly  between  the  livers  Tyne  and  Weir,  where 
the  coast  is  chiefly  composed  of  a  soft  friable  lime-stone ;  and  indeed 
the  land  is  obviously  in  a  state  of  waste  all  the  way  to  the  Tees.  On 
the  southern  side  of  the  great  sand-banks  forming  the  mouth  of  the 
Tees,  we  enter  upon  the  coast  of  Yorkshire,  which  extends  to  lh« 
estuary  of  the  river  Humber,  being  upwards  of  a  hundred  mile*. 
This  coast  consists  chiefly  of  sand-stone  and  chalk  hills,  and  el- 
poses  a  precipitous  face  to  the  sea,  which  is  acting  upon  it,  and  in 
many  places  producing  its  rapid  destruction.  Of  this  many  ex' 
ampies  are  familiar  1o  those  on  the  spnt,  particularly  in  the  neigh' 
bottrhoodnf  Whitby  and  Scarborough.  I>or  a  few  miles  both  on 
tlie  northern  and  southern  side  of  Flamborough  Heail  Lighf-housfi 
cb&tcciimt  .of,  the  coast  is  almost  perpendicular,  and  consials  o' 
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pk,  intermixed  with  portions  of  clny.  At  the  easiero  extremity, 
i^tch  of  the  head,  the  clialky  clit}'  is  about  70  feet  in  height, 
a  this  point  the  coast  declines  atl  the  way  to  the  town  of  Brid- 
hon,  and  from  thence  to  Dimhleington  Clifii  near  the  entrance 
fce  Homher,  it  is  a  low  sandy  shore.  From  what  bus  been  already 

ltd  of  the  eBects  of  the  sea  upon  the  hard  or  more  compact 
IS  of  ijcolland,  it  is  easy  to  imagine  what  its  operation  must  bd 
Ae  line  of  coast  just  descril>ed;  accordingly,  the  inhnbitants  at 
Biborough  Head,  and  indeed  alt  along  the  Yorkshire  coast,  are 

pofteii  kept  in  mind  of  this  by  the  removal  of  their  land-murks 
\  inclosures ;  and  there  arc  many  traditions  of  churches,  bouses^ 
'  whole  fields,  having  been  overrun  by  tlie  sea  in  the  neighbour- 
ll  of  Hornsea,  Kihisea,  and  the  Spurn-point  Light-houses  on  tbe 

phern  side  of  the  Humber.  The  widely  extended  mouth  of  thit 
niy,  and  the  manner  In  which  it  is  cumbered  with  sand-banks  off 

P'coast  at  Clea  and  Salifleet,  in  Lincolnshire,  and  indeed  the  ap- 
rance  of  the  coast  ail  the  way  to  Boston,  shows  that  much  of 

I  land  has  been  swallowed  up  or  overrun  by  the  sea  ;  of  whicU 

"  e  are  many  striking  proofs,  both  of  ancient  and  modern  occur- 

k'The  same  remarks  are  aUo  applicable  to  the  great  ebb,  called  the 
jIVash,  forming  the  entrance  or  navigation  to  the  harbours  of  BosIob 
3  Lyne.     Here  ii  would  appear  that  ihc  sea  has  made  a  breach 
High  the  chalk-hills,  which  are  oliservablc  on  each  side  of  the 
hsl^  in  the  counties  of  Lincoln  and  Norfolk,  where  if  is  obvious 
t  the  land  has  at  one  time  extended  further  into  the  sea,  and  is 
esent  undergoing  the  process  of  actual  waste.  Perliaps  evidence 
of  this  may  also  be  drawn  from  the  works  of  William  of  Alulms- 
bury,  who  represents  the  whole  of  the  fens  of  Lincoln  to  have  been 
in  a  state  of  high  cultivation  in  the  elevenlh  century.   But  certainly 
most  unequivocal  proof  of  this  is  aHbrded  from  the  discovery  of 
1^ Joseph  Banks  and  Dr.  Joseph  Correa,  mentioned  in  the  ^49tb 
e  of  the  Philosopliical  Transactions,  of  the  remains  of  a  sub- 
ine forest  on  this  coast,  now  several  fathoms  under  water,  where 
^  roots,  boles,  and   branches  of  trees,  particularly  of  the  birch, 
■large  size,  were  discovered.    From  the  account  of  the  fishermen 
^his  coast,  these  appearances  are  to  be  seen  for  many  miles  alon^ 
'Vshore  in  the  form  of  a  range  of  small  islets :  and  trees  have  been    | 
n  found,  the  timber  of  which  was  so  fresh  as  to  lie  fit  for  econo-  J 
tal  purposes.     The  inhabitants  of  the  country  likewise  represent  f 
It  at  one  time  the  parish  church  stood  greatly  within  the  present  1 
b*mark,  and  that  the  walls  of  houses  of  a  former  village  hav«  I 
n  seen  at  low  ebbs  ;  and  they  allege  that  even  the  c/oci  of  ths  j 
Kot  parish  church  is  the  same  that  was  in  the  church  the  fouo*  \ 
MIS  of  which  are  now  overflowed.     It  seems,  therefore,  prohablt  j 
K  the  present  slate  of  the  fen  country  arises  from  the  encroach*  j 
ffita  of  the  sea,  occasioned  by  ihe  sitting  or  filling  up  to  a  certma  j 
"^ee  of  the  alveus  or  bed  of  the  German  Ocean,  rather  ttu 
11  the  gradual  retreat  or  subsiding  of  the  wUcn  ol  "^  q 
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and  that  the  sea,  notwiihstanding  some  auonialous  instances 
cession  which  shall  afterwards  be  noticed,  is  iovarinbly  ti 
upon  the  land.     In  exploring  and  comparing  the  present 
ancient  state  of  our  shores,  we  cannot  enough  lameiit  the 
racy  of  the  older  maps  and  charts  of  our  coast;  and  ev 
must  rejoice  at  the  prospect  this  country  has  of  soon  posses 
Trigonomelrical  Survey  of  Great  Britain,  now  in  progress, 
the  direction  of  the  Board  of  Ordnance.     This  great  naiioiii 
will  enable  future  generations  with  accuracy  to  appretiate 
pare  the  effects  which  we  are  now  describing. 

Proceeding  southward,  we  next  traverse  the  coasts  of  Suf 
Essex,  where  numerous  instances  occur  of  ravages  which  tbt 
making  upon  the  shore.  It  has  already  been  ascertained  tl 
sand-banks  of  Varmouth  Roads  have  of  late  years  coasii 
altered,  and  that  the  depth  of  water  is,  perhaps,  upon  the  • 
rather  lessened,  and  some  pretty  extensive  additions  have* 
made  to  the  land  at  the  junction  of  the  rivers  Aide  and  Butley^B 
"  the  great  gravelly  beach  which  extends  about  eight  or  ten  miles  in 
length,  varying  in  breadth  from  a  few  hundred  feet  to  about  a  mile; 
and  similar  appearances  are  to  he  found  on  this  coast,  as  at  Hir- 
wich,  near  the  confluence  of  the  rivers  Stour  and  Ipswich,  where  i 
considerable  addition  has  been  made  to  the  land  on  the  soutfaeffl 
side  of  Landguardfort ;  yet  these,  and  other  examples  of  the  saise 
kind,  are  trilling  in  proportion  to  the  astonishing  effects  of  the  sn 
in  destroying  the  land  in  this  very  neighbourhood.  Near  Lowestoff, 
Dunwieb,  and  Aldburough  Castle,  on  the  Suffolk  coast,  the  sea  k 
daily  making  impressions  upon  the  land,  which  is  apparent  to  ibe 
observation  of  every  one  acquainted  in  the  slightest  degree  with  tlat 
coast,  and  is  at  some  places  severely  felt  both  by  the  proprietor  and 
the  tenant.  At  the  Naze  Tower,  near  Walton,  and  indeed  all  along 
the  coast  of  Essex,  the  same  appearances  are  no  less  obvious.  Cross- 
ing the  numerous  sand-banks  and  shoals  which  greatly  encumber 
the  mouth  of  the  River  Thames  to  the  Kentish  coast,  we  areeveiy 
where  presented  with  instances  of  the  degradation  of  the  landbf 
the  encroachment  of  the  sea  j  from  Sheerness  along  the  shore  of  the 
Isle  of  Sheppey,  and  from  the  entrance  of  the  River  Swale  to  Mar* 
gale  and  Ramsgate,  at  various  places,  very  large  portions  of  the 
chalky  clills  are  undermined,  and  giving  way  to  (he  sea.  Al 
Sheppey  island,  Thanei,  and  Sandwich,  there  are  proofs  of  ibe 
land  gaining  somewhat  upon  the  sea.  Of  this  the  Goodwin  and 
other  sand-banks  may  also  be  considered  as  examples ;  but  iheB 
cases,  arising  from  the  shape  of  the  coast,  and  the  set  of  particulff 
currents  of  the  tide,  are  evidences  of  the  iillhig  up  of  the  aivevs 
or  bed  of  the  ocean,  and  shall  he  afterwards  alluded  to  as  so  mnnj 
proofs  of  the  consequent  tendency  of  the  sea  lo  overiirtw  its  banhf' 
But,  to"  continue,  it  may  further  be  noticed,  tlmt  the  streets  rf 
Deal  are  often  laid  under  water,  and  houses  there  have  occasionally 
been  washed  down  by  the  sea;  and,  indeed,  its  effects  are  very 
alarming  all  along  this  coast.     At  RoQ:iney  Marshes,  labourers*!* 
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constantly  employed  in  attending  and  repairing  the  fences  and  sea- 
dikes  of  these  low  shores.  On  the  precipitous  shores  from  Deal  to 
Dover,  Folkstone,  and  Hythe,  large  portions  of  the  chalk  diffs  are 
frequently  undermined  and  carried  away;  particularly  at  the  South 
Foreland  and  clifis  of  Dover,  where  I  happened  to  witness  the 
efiepts  of  the  recent  fall,  some  years  ago,  of  an  immense  quantity 
of  these  extraordinary  chalk  cliffs,  the  ruins  of  which  appeared  to 
cover  several  acres  of  ground,  and  must  have  contained  many  thou- 
sands of  tons.  A  fall  of  this  kind,  near  Beachy  Head,  on  the 
Sussex  coast,  is  noticed  in  a  paper  by  Mr.  Webster  in  the  Transac- 
tions of  the  Geological  Society.  The  portion  which  gave  way  ex- 
tended 300  feet  in  length,  and  was  JO  or  80  feet  in  breadth.  A 
dergyman  who  happened  at  the  moment  to  be  walking  on  the  spot, 
observing  the  ground  giving  way,  had  just  time  to  escape  when  the 
whole  fell  down  with  a  dreadful  crash.  In  the  same  manner,  the 
opposite  coast  of  France  is  understood  to  be  acted  upon  :  and  the 
numerous  islands  lying  off  that  coast  and  the  coasts  of  Germany  an4 
Holland.  I  might  also  extend  these  observations  along  the  shprep 
of  Hampshire,  Dorset,  Devon,  Cornwall,  particularly  to  the  Isles  of 
Wight  and  Portland,  and  the  Scilly  Islands ;  the  wasting  of  the 
hod,  and  the  encroachment  of  the  sea,  are  very  remarkable,  being 
dways  in  proportion  to  the  nature  of  the  strata  or  rocks  composing 
the  coast,  whether  alluvial,  chalk,  lime-stone,  sand-stone,  or 
granite. 

Nor  are  these  effects  of  the  sea  confined  to  the  shores  of  the 
German  Ocean  and  the  British  Channel ;  for  the  wasting  of  the 
kod  is  no  less  remarkable  in  St.  George's  Channel  and  the  Irish 
Sea,  including  the  coast  of  Ireland*  on  the  one  side,  and  on  the 
other  the  shores  of  Wales,  Lancashire,  Westmoreland,  and  th6 
counties  of  Dumfries,  Kirkcudbright,  and  Galloway,  where  neither 
the  rocky  coasts,  and  exposed  situations  of  the  Islands  of  Anglesea, 
Man,  Copland,  Craig  of  Ailsa,  and  the  .Islands  of  Cumbrae,  nor 
the  sheltered  and  alluvial  shores  of  the  Bristol  Channel,  are  ex- 
oapted ;  even  the  indentations  of  the  coast  at  Dublin  Bay,  Iiiver- 
pooi,  and  Lancaster,  and  the  more  extensive  friths  of  the  Solway 
«od  the  Clyde,  are  subject  to  the  unvarying  destructive  effects  of 
the  sea  upon  the  land.  Without  further  examples,  however^  we 
nuiy  for  the  present  venture  to  assume  that  the  disintegrating  and 
Wearing  effects  of  the  waters  of  the  ocean  are  general.  Whether 
We  contemplate  its  effects  upon  the  land  by  the  immediate  ^nd 
powerful  impulse  of  the  waves  at  the  base  of  a  rocky  shore,  or, 
with,  the  elegant  and  profound  illustrator  of  the  Huttonian  theory, 
trace  it  in  the  form  of  rain,  rills,  and  torrents,  in  the  higher  regions. 
We  shall  find  its  effects  all  tending  to  one  unvarying  principle,  pro- 
ducing the  degradation  of  the  land,  and  consequent  tendency  to 
fflliogup  at  the  bottom  of  the  sea;  while,  at  the  same  time^  from 
the  magnitude  and  extent  of  the  surface,  and  othpr  occult  causes, 
we  are  not  aware  of  the  elevation  of  its  level '  e  degree, 

^t  Almighty  Being  who  bath  said,  *  Hit  flQL^Q\&ft^ 
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and  no  further,'  liae,  wiih  infinilc  wisdom,  created,  if  I  may  so 
etipress  it,  a  kind  of  tompensjiting  power  to  counterbalance  tlit 
ietoiin|r  conflict  of  the  elemetiis  of  eurih  aod  water ;  for  while  the 
ocean  uppears  to  be  extending  its  surface,  it  ieems  also  prubable 
ihiit  the  quaoiiiy  of  its  waters  upon  the  whole  is  lessened;  thai 
part  of  them  undergoes  a  complete  and  permanent  change  of  fota 
alter  the  process  of  evaporation;  and  that  the  earthy  panicles  cod- 
tinually  accumulating  ai  the  bottom  of  the  sea,  iiave  a  direct  len- 
dency  not  only  to  preserve  a  uniform  level,  but  even  in  some  in- 
stances to  make  the  water  overrun  what  we  have  been  accuatoaKd 
to  consider  its  boundary.  If  we  attentively  inquire  into  the^ciu- 
ralily  of  the  wasting  effects  of  the  sea  upon  the  margin  of  the  land, 
it  will  perhaps  appear  that  the  commonly  received  opinion  of  the 
Bea  just  taking  a  portion  of  the  land  from  one  part,  while  it  adds  in 
like  proportion  to  another  part  of  the  coast,  will  be  found  to  cone 
far  short  of  the  instancosof  detihiun  in  all  quarters  of  the  globe. 
Having  now  pointed  out,  from  actual  observation  on  about  one- 
half  of  the  coast  of  Ireland,  and  on  all  parts  of  the  shores  of  GreiU 
Britain,  from  the  Scilly  Islands,  iti  southern  eslremity,  to  the 
Naze  of  Unst,  or  nonhernniost  point  of  Shetland,  that  the  land, 
on  the  margin  of  the  sheltered  bays  and  friths  of  our  coa^t,  as  ntll 
as  on  the  most  exposed  pro tnon  lories  and  open  shores,  is  undergoing 
the  process  of  waste  and  decay  from  the  impulse  and  action  of  the 
«es,  I  shall  in  a  future  paper,  with  the  indulgence  of  the  Society, 
endeavour  to  show  that  the  cause  of  this  effect,  particularly  on  the 
chores  of  the  German  Ocean  and  British  Channel,  is,  in  a  good 
measure,  owing  to  the  immense  quantity  of  debris  which  mtut  be 
accumulating,  at  least  to  a  certain  depth,  in  the  bottom  of  the 
ocean.* 


Article  III. 

A  i'mpJe  Thfory  af  Electricity  and  Galranism ;  heing  an  Attmp^ 
to  prove  that  the  Subjects  of  the  former  are  the  mere  Oxygen  and 
Axole  nf  the  Ait,  and  the  Siiljec/s  of  iht  latter  the  mert  Oxygfi 
and  Hydrogen  iif  Water.     By  Alexander  Walker. 

(To  Dr.  Thomson.) 
SIR, 
In  your  observations  on  atmospherical  cleclricity  in  the  fouttti 
volume  of  your  System  of  Chemistry,  it  is  justly  observed,  ih»' 

•  This  papT  has  been  circqiaird  with  a  liew  of  obtaininB  .-idJilioiTal  facU  !*• 
yarding  Ihe  nuting  of  the  ihorrs  o(  Grea.1  Britain  and  ihi»«  iif  ilie  oppniile  C«^ 

eiBmpka  of  the  fDnnation  nt  new  lunJ  and  baak^.  under  wiiler  from  the  deposltif' 
af  fiiavel,  nud,  aod  alluvial  matters,  nt  the  moutlu  of  riTcrH,  Id  b.iji  and  cTtt^ 
Hlnng  llic  ibt>re>.  Or  In  the  open  sea.  Communicaliaiii  upon  this  sDbJFCl,  prlnr  "* 
(he  inoDlh  of  Novemb'T,  iBI6,  are  requested  to  be  transniillcd  tc  *'-   "•      ""■ 

Edroburgh;  nr  6,  tjitOblli-iilreel,  Chiu-ing  Crosi,  LobiIob, 
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gisIvaDic  phenoineDa  demonstrate  a  much  closer  connexion  betweeo 
chemistry  and  electricity  than  has  hitherto  been  .suspected.  Dr. 
WoUaston,  also,  notices  a  strong  point  of  analogy  between  gal^ 
Taoism  and  electricity;  namely,  that  they  both  seem  to  depend  on 
oxidation.  The  difference,  however,  in  their  mode  of  excitement, 
and  the  much  greater  permanence  of  galvanic  than  of  electric 
effects,  would  seem  to  indicate  that  there  is  yet  an  essential  difier- 
ence  between  them.  Now  as  there  b  no  galvanic  action  without 
water,  nor  any  electric  action  without  air,  and  as  both  these  bodies 
contain  oxygen,  while  each  presents  also  another  and  a  different 
ingredient,  capable  apparently  of  producing  the  modifications  which 
subsist  between  the  natural  agents  of  which  I  now  speak,  it  would^ 
at  first  sight,  seem  not  unreasonable  to  suspect  that,  universally 
diffused  as  are  these  powers,  galvanism  was  dependent  on  the  liquid 
and  electricity  on  the  fluid  which  throughout  nature  are  the  most 
universally  prevalent.  This  latter  conclusion  I  accordingly  stated 
above  five  years  ago,  perhaps  too  l\astily,  and  on  data  not  altogether 
sufficient. 

With  accumulated  data,  however,  and  rather  more  aecarate 
jKDowledge  of  physical  science,  I  was  two  years  ago  induced,  with 
legard  to  electricity,  to  assert  not  oply  the  original  opinion  of  Dufoy 
^t  there  are  two  distinct  electrical  fluids,  but  that  these  are  neither 
more  nor  less  than  the  oxygen  and  azote  of  the  common  atmosphere 
vachanged  and  unalloyed  in  their  nature ;  and,  with  regard  to  gal- 
vanism, that  there  are  also  two  distinct  fluids,  which  are  precisely 
the  o:i^ygen  ^nd  hydrogen  of  water,  equally  unchanged  and  unal- 
loyed. 

This  I  shall  here  endeavour^  if  not  to  prove,  at  least  to  render 
probable;  premising  merely,  that  I  can  by  no  means  agree  with  the 
aoonymous  writer  who,  in  the  number  of  the  Annals  for  June,  says, 
that  the  galvanic  fluids  consist  of  <^  a  large  portion  of  caloric,  and  two 
distinct  and  highly  attenuated  haseSf  that  partake  of  an  oxygenous 
and  hydrogenous  nature;''  ^'that  these  newly  discovered  com* 
pounds  are  formed  by  a  very  different  union  with  caloric  from  that 
which  takes  place  in  the  formation  of  oxygen  and  hydrogen  gases, 
11  we  have  not  the  least  evidence  that  the  greatest  possible  attenua* 
iim  we  could  obtain  by  the  application  of  heat  to  these  gases  would 
impart  to  them  any  electrical  energies ; "  that  they  are  <*  highly 
attenuated  compound  bodies^*  which  *'  hold  a  place  between  well 
known  gaseous  bodies  and  caloric  ; ''  that  ''  they  seem  a  link  be^ 
tween  well  known  gaseous  bodies  and  caloric,  by  partaking  of  the 
omstitutional  character  of  the  one,  and  the  action  and  subtle  nature 
•f  the  other  ; "  and  that  it  is  not  improbable  that  '^  both  the  elec- 
tric and  galvanic  fluids  will,  at  some  advanced  period  of  these 
sciences,  be  considered  merely  as  a  newly  discovered  class  of 
ncuLiAR  gaseous  bodies/' — Nothing  has  so  effectually  retarded 
4)e  progress  of  science  as  the  universal  search  for  truth  in  complex 
caoies  and  circumstances  inst^d  of  simple  ones ;  and  we  may 
always  be  certain  that  such  ''*  pti  **  **  very  diQeKuit^ 
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'■'  greatest  possible  attenuations,"  "  compbundn esses  of 
bodies,"  and  "  linkings  between  them,"  when  applied  to  the 
grandest  and  simplest  powers  in  nature,  indicate  rather  the  stale  of 
our  own  minds  than  of  the  laws  of  Him,  the  noblest  and  most  ad- 
mirable characteristic  of  whose  power  is  the  extreme  simplicity  of 
hs  means  of  operation.  I  shall  endeavour,  then,  to  show  that  ike 
ctectrrc  and  galvanic  fluids  are  neither  a  neady  discovered,  nora 
peculiar  class  of  gaseous  bodies,  and  still  less  a  newly  discovered 
class  of  peculiar  gastous  todies,  as  is  there  asserted. 

1.  The  Oxygen  and  ytzole  of  lite  jllmosphere  are  the  only  Elei' 
trical  Agents. 

This  is  rendered  prohal)le  by  the  following  considerations  :— 

That  electrical  action  cannot  pervade  a  perfect  vacuum ; 

That  even  in  rarified  air  electrical  attraction  is  weakened; 

That  the  electric  light  becomes  mare  concentrated  and.  more 
dense  in  proportion  to  the  condensation  of  the  air; 

That  when  points  are  throwing  off  or  receiving  electricity,  i 
current  of  air  always  seems  to  proceed  from  them,  whether  they  are 
positively  or  ne^tii'ely  electrical; 

That  an  excited  electric  or  a  conductor  strongly  electrified  giro 
to  any  part  of  the  body  when  presented  to  it  such  a  sensation  as  tf 
wind  were  blown  upon  it; 

That  electricity  accelerates  a  stream  of  water  running  throug}i  a 
minute  aperture  ; — that  it  drives  water  in  a  stream  through  a  csfMl- 
lary  tube  from  which  without  the  aid  of  electricity  the  water  would 
not  even  drop; — and  that  it  produces  various  similar  elfects  easily 
explicable  by  the  same  hypothesis. 

a.    In  Electrical   Operations   the  Atmospheric,   Oxygenous,   mii 

Axotic  Particles,  are  respectively  received  by  cairespovding  supti' 

Jicial  Cai'ilies  of  Bodies,    and  by  their  Friction  are  separaitd 

Jrom  each  other. 

This  is  rendered  probable  by  the  following  considerations: — 

That  the  quantify  of  electricity  produced  depends  greatly  on  tb« 
superficial  extent  of  the  electrical  bodies; 

That  a  slight  alteration  of  surface,  of  pressure  fwhicli  affecB 
iurface),  or  of  temperature  (which  equally  afiects  it),  will  diipo« 
a  body  to  acquire  one  electricity  rather  than  another ; 

That  a  considerable  degree  of  heat,  which  thus  affects  the  TOT* 
faces  of  bodies,  renders  electrics  conductors ; 

That  ;is  surfaces  alone  seem  to  be  thus  concerned  in  electricitji 
.  it  seems  to  )>e  the  change  of  surfaces  which  causes  the  change  in  tb« 
kind  of  electricity,  when  difterent  rubbers  are  used; 

That  as  the  quantity  of  electricity  produced  depends  on  tb* 
auperfia'al  extent  of  bodies,  so  does  that  of  electricity  conducted  ; 

That  in  this  respect  ihe  solid  contents  of  a  conductor  are  unim-' 
portant,  since  it  conveys  nearly  or  quite  ai  much  eleclrid^  ?*. 
hollow  as  a  solid. 
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That  as  electricity  thus  depends  on  the  surfaces  of  hodies^  and 
sot  on  their  solid  contents,  it  must  depend  on  that  circumstance  in 
pi^idi  the  former  differ  from  the  latter ; 

That  the  surface  of  a  body  (which  is  engaged  in  electrical  action) 
can  differ  from  its  solid  contents  (which  are  unengaged  in  it)  only 
in  this  respect,  that  the  cavities  between  its  particles  are  patent, 
and  hence  while  the  former  are  incapable,  the  latter  are  capable  of 
receiving  the  particles  of  the  atmospheric  fluid ; 

That  the  superficial  cavities  of  bodies  are  of  di£Perent  form  and 
magnitude,  while  the  particles  of  atmospheric  oxygen  and  azote  are 
also  of  different  magnitude*  at  least;  and  that,  therefore,  some 
surfaces  must  be  better  adapted  to  receive  the  former,  and  others 
tbe  latter; 

Tiiat  if  a  stratum  of  air  be  compressed  between  two  such  sur- 
JKces,  the  oxygenous  particles  must  adhere  to  that  which  presents 
similar  superficial  cavities,  and  the  azotic  particles  to  that  which 
presents  superficial  cavities  corresponding  to  them ; 

That  the  friction  of  two  surfaces  thus  compressed  is  precisely  that 
which  would  produce  a  divulsion  of  the  particles  adhering  to  them ; 
That  in  peifect  consistency  with  this,  if  two  similar  substances  be 
Tabbed  together,  the  smaller  or  the  Rougher  assumes  one  species  of 
eleetricity,  and  the  larger  and  smoother  another ;  and  that  thus  are 
identified  the  operation  which  I  have  just  described,  and  the  phe- 
nomenon of  electrical  excitement ; 

Moreover,  the  passage  of  the  electric  particles  along  the  surfaces 
of  bodies  is  sensible  even  to  feeling;  for  the  electricity  which  pa/ises 
from  an  excited  electric  or  a  conductor  strongly  electrified  gives  to 
the  face  when  directed  upon  it  a  sensation  as  if  air  were  creeping 
Amg  it,  or  as  if  a  spider^s  web  were  drawn  over  it. 

8,  This  forced  Separation  of  the  Aerial  Particles^  and  their  ten^ 
dency  to  re-unite,  lest  illustrate  the  most  surprising  Effects  of 
Electricity. 

One  of  the  roost  surprising  effects  of  electricity,  and  most 
striking  circumstances  in  which  it  differs  from  galvanism,  is,  that 
of  the  great  portion  of  air  which  its  spark  percurs.  This,  however, 
is  easily  explicable,  if,  as  I  have  endeavoured  to  prove,  the  two 

Eies  of  electricity  be  merely  the  oxygen  and  azote  of  the  air  un- 
iged  and  unalloyed.     For,  in  this  case,  it  is  not  necessary  to 
suppose  that  the  same  particles  which  enter  at  any  part  pass  through 

P  Tbe  admirable  labours  of  Dalton,  Berzelins,  and  Tbomsou,  throw  great  light 
•Dthis  important  subject.    That  the  magnitude  as  well  as  the  weight  of  the  par- 
ticles of  oxygen  is  different  from  that  of  hydrogen  I  am  convinced  even  by  tha  * 
imeral  consideration  that,   while  many  metaphysical  and   physical  arguments 
niglit  be  addaced  to  prove  that  matter  is  one — the  Trpwrq  uXu,  so  well  described  by 
the  Greeks,  it  teems  evident  that,  as  throughout  nature  a  difference  of  weight  in 
l^ies  of  equal  magnitude  is  caused  by  the  greater  or  smaller  nombep'  '^^  *>t«tr 
internal  vacuities,  and  ai  there  can  be  no  such  vacuities  in  the  simple 
"Ui|ter,—thereforc  the  different  weight  of  .the  simple  particlei  of 
Mro|eii  mmt  depend  on  their  differant  niagnitttde> 
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the  whole  intermediate  column  of  air.  It  is  on  the  central 
kable  that  a  complete  dislocation  takes  place  of  all  ihe  interi 
oxygenous  particles  in  one  direction,  and  of  all  the  inien 
azotic  particles  in  another;  and  that  thus  the  velocity  of  ihe 
or  shook  far  exceeds  ihe  velocity  of  the  individual  particles. 

As  some  force  or  pressure  is  nccessnry  to  produce  this  dislocstioa 
of  the  aerial  particles,  it  is  in  perfect  consistency  with  the  precedin; 
views,  that  the  greater  the  accumulation  of  electricity,  the  laigei 
may  be  the  intermediate  column  displaced.  As,  moreover,  th( 
same  quantity  of  electricity  becomes  relatively  greater  the  minuia 
the  points  from  which  it  proceeds  and  on  which  it  strikes,  itii 
'  obvious  why  the  sharper  these  points  aie,  the  greater  is  the  extent 
of  this  dislocation  and  the  course  of  the  spark.  It  is  also  obvioui 
why  the  blunter  the  points  are  around  which  a  great  quantity  of 
electricity  is  accumulated,  the  broader  is  the  column  of  air  displiuedf 
ind  the  grtaler  the  light  and  the  noise  produced. 

Now  were  not  the  component  parts  of  air  and  the  electric  fluiib 
precisely  the  same,  without  change  or  alloy,  it  is  evident  that  ttus  in- 
terchange of  the  oxygen  and  azoie  of  the  two  points  for  that  of  ll)( 
air,  and  the  dislocation  which  ensues  could  not  occur.         r*^ 

In  applying  this  very  simple  theory  ti  the  explanation  of  light- 
ning, it  is  only  necessary  to  suppose  that  while  the  atmospheric 
osygen  predominates  in  one  region  of  the  air  and  the  azote  in  an- 
other, these  oppositely  constituted  masses  of  air  are,  by  some  of  ibe 
numerous  events  to  which  the  air  b  liable,  brought  more  neulj 
into  contact.  In  proportion,  then,  to  the  magnitude  of  these 
masses  will  be  the  extent  of  the  dislocated  column  of  air,  and  hence 
Iprings  the  velocity  of  these  phenomena. 

By  this  theory  are  the  less  effects  of  electricity  easily  csplicable, 
as  well  as  its  greater  ones.  Thus  two  pith  balls,  when  similarly 
cleciri&ed,  separate  in  order  to  obtain  from  the  air  some  portion  of 
the  opposite  gas  to  that  with  which  they  are  loaded  ;  while  oppo- 
sitely electrized  balls  unite  in  order  to  combine  their  gases,  and 
hence  they  are  neutralized,  their  electricity  disappears,  and  no  fur- 
ther result  ensues,  because  they  thus  only  restore  to  tlic  atmospheiic 
air  a  portion  which  had  been  separated  from  it. 

But  thus  to  explain  all  the  phenomena  of  electricity  would  be  tc7 
compose  a  system  of  the  science.     Suffice  it  that  I  have  shown  that 
if  the  two  species  of  electricity  were  either  more  or  less  than  th^^- 
oxygen  and  azote  of  the  air,  its  phenomena  would  be  less  easil^^ 
explicable , 

A.  The  Oxygen  and  Hydrogen,  nf  ^f^aier  are  the  only  Galvani^^ 
Agents. 

This  is  rendered  probable  by  the  following  considerations : — 

That  as  electricity  is  in  no  instance  produced  without  air,  so  i^^ 
galvanism  in  no  instance  produced  without  water ; 

That  water  is  decomposed  during  the  operation  j 

That  the  gases  which  are  liberated  from  the  galvanic  battery  ar^* 
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tiff  the  same  nature-— oxygen  and  hydrogen^  and  in  the  same  pro- 
portion as  the  water  decomposed, 

5.  In  Galvanic  Operations  the  Aqueous^  Oxygenous^  and  HydrO' 
genous  Particles^  are  respectively  carried  to  the  opposite  Extr^' 
mities  of  the  Battery ,  and  cqnducted  along  its  Wires. 

'   This  is  rendered  probable  by  the  following  considerations  :— 

That  to  galvanic  action  it  is  indispensable  that  the  bodies  employed 
should  have  some  chemical  action  upon  each  other ; 

That  the  galvanic  action  is  proportionate  to  the  degree  of  che- 
mical action ; 

That  the  voltaic  battery  ceases  to  act  the  moment  the  chemical 
action  between  its  parts  is  exhausted  \ 

That  while  these  cincumstances  prove  galvanic  phenomena  to  be 
dependent  on  chemical  action^  that  action  is  primarily  the  oxidation 
of  one  of  the  metals  employed ;  for  it  is  in  proportion  to  the  oxida- 
tion of  the  zinc  in  the  battery  during  a  given  time,  that  galvanic 
power  is  produced^  and  in  prc^xntion  as  the  liquid  loses  its  power, 
and  oxidation  ceases^  that  galvanic  action  declines ; 

That  whenever  an  oxidating  influence  is  exerted  at  one  of  tha 
metals,  a  deoxidating  one  is  produced  at  the  other ;  for  when  iron, 
which  oxidates  rapidly  when  forming  a  circle  with  silver  and  common 
water,  is  arranged  with  zinc  and  common  water,  it  remains  per- 
fectly unaltered,  whilst  the  zinc  is  rapidly  acted  upon ;  and  such 
riso  is  the  case  with  zinc  and  copper ; 
That  during  this  operation  the  water  in  the  battery  is  decomposed; 
That  it  is,  therefore,  its  oxygen  which  oxidates,  and  its  hydrogen 
which  deoxidates,  the  zinc  and  cc^>per  respectively ; 

That  its  oxygen  is  attracted  to  what  is  called  the  positive^  and  itf 
hydrogen  to  the  negative,  side  of  the  battery ; 

That  if  a  wire  proceed  from  the  positive,  and  another  from  the 
negative,  end  of  a  battery,  and  be  approximated  in  a  tube  of  dis- 
tilled water,  then  a  stream  of  oxygen  proceeds  from  the  surface  of 
the  wire  connected  with  the  positive,  and  a  stream  of  hydrogen 
from  the  surface  of  the  wire  connected  with  the  negative,  end  of 
the  battery ; 

That  this  oxygen  and  hydrogen,  when  collected  in  two  small  and 
distinct  tubes,  are  in  the  proportions  required  to  recompose  the 
wat^  by  combustion* 

The  preceding  chain  of  circumstances  seems  to  me  clearly  to  in- 
dicate uiat  the  water  which  may  thus  be  recomposed,  is  precisely  the 
^ater  which  was  decomposed  in  the  battery ;  and  it  will  certainly 
he  a  strong  confirmation  of  this  indication  if  the  mode  in  which  the 
<ttygen  of  the  water  is  attracted  toward  one  extremity,  and  the 
l^ydrogen  toward  the  other,  and  if  <  mosite  currents  which 

they  thus  forni,  can  be  satisfactoril 

Now,  it  is  obvious  that,  \\i  eadl  Ivanic  trough 
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10  which  is  plunged  a  plate  of  zinc  and  of  copper,  the  oxygen  of 
the  decomposed  water  is  attracted  hy  the  zinc^  while  the  hydrogeOi 
repelled  by  it,  is  attracted  by  the  copper.  We  also  know  that  these 
galvanic  fluids  are  readily  conducted  by  inetallic  substances,  and 
also  by  the  surface  of  water.  Indeed  it  is  in  this  latter  respect  ob* 
served,  that  water  is  a  more  powerful  conductor  of  galvanism  tbaa 
mercury,  while  it  is  rather  the  reverse  with  regard  to  electricitj,' 
Hence  it  would  appear  that  while  the  oxygen  of  the  water  is  at« 
tracted  by  the  zinc,  and  the  hydrogen  by  the  copper,  both  are  cod* 
ducted  by  these  metals  to  that  portion  of  them  which  connects  the 
contiguous  plates  of  two  neighbouring  compartments,  and  .to  the 
surface  of  the  water  between  the  two  plates  of  the  same  compart* 
meut.  Now  the  aqueous  surface  of  each  compartment,  and  tht' 
metallic  junctions  of  contiguous  ones,  thus  form  one  general  oon* 
ductiug  surface  along  which  the'  liberated  oxygen  and  hydrogen 
might  obviously  creep  in  opposite  currents  if  there  existed  but  a  i 
power  which  should  give  each  an  impulse  m  the  opposite^irection.     j 

That  there  is  such  a  cause,  1  think  a  little  consideration  wilt    3 
show— -It  must  be  observed  that  in  the  first  compartment  oi  the 
positive  extremity  a  plate  of  zinc  only  is  plunged.  This  will  abstract 
from  the  water  of  that  compartment  a  portion  of  its  oxygen  whichi 
partially  Itinerated  and  ascending  the  plate,  will,  as  rapidly  as  formed^ 
escape  by  the  wire  which  is  attached  to  it.     It  is  evident,  then,  that 
there  will  be  in  the  water  of  this  compartment  rather  a  superabun- 
dance of  hydrogen  than  of  oxygen ;  and  as  in  the  second  compart- 
ment»  in  which  is  plunged  a  plate  both  of  copper  ^nd  of  zinc,  both 
oxygen  and  hydrogen  will  be  liberated  and  ascend  to  its  surface,  it 
is  uhvioiis  that,  connected  as  this  compartment  is  with  the  first, 
there  will  instantly  ensue  an  attempt  at  an  equalization  in  the  dis- 
tributiofi  of  the  liberated  fluids.     Now  as  it  is  the  oxygen  of  the  ' 
firi»t  compartment  which  is  deficient,  it  is  of  course  the  oxygen  of 
the  second  which  will  be  attracted  thither,  while  its  hydrogen  will 
be  repelled  in  the  o})posite  direction.    But  the  oxygen  of  the  second 
€X>rnpartmcnt,  thus  conducted  away,  will  now  also  be  defective^  and 
thither  consequently  will  be  attracted  the  oxygen  of  the  third,  while 
its  hydrogen  also  is  still  oppositely  repelled.     And  so  on  will  suc- 
cessively be  affected   the  fourth,   fifth,    and    all  the    remaining 
compartments.     Each  in  succession  will  yield  up  a  portion  of  its 
oxygen  to  that  which  is  nearer  to  the  positive  extremity  of  the  bat- 
tery whence  that  fluid  is  escaping,  and  each  will  successively  have 
repelled  from  it  a  portion  of  its  hydrogen  toward  the  negative  extre- 
mity of  the  battery  whence  that  fluid  escapes  by  the  opposite  wire* 
Thus,  then,  will  be  formed  a  current  in  each  opposite  direction ; 
and  yet  these  currents,  instead  of  impeding,  must  each  accelerate 
the  other,  as  appears  from  the  preceding  statement.    , 

Thus,  I  believe,  is  obviated  the  chief  difiiculty  attending  this 
explanation ;  and  there  seems  no  reason  to  doubt  that  the  water 
which  may  be  recomposed  at  the  extremities  of  the  wires  is  precisely 
that  which  is  thus  decomposed  in  the  battery, 
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i  This  Decomposition  and  Recomposiiion  of  IVater  best  illustrate 

the  Effects  of  Galvanism, 

One,  perhaps,  of  the  most  striking  circumstances  in  which  gal-* 
vanism  differs  from  electricity  is  in  the  much  smaller  portion  of  air 
whidb  its  spark  percurs.  Now  as  (he  extensive  course  of  the 
electric  spark  is,  as  I  have  shown,  ascribahle  to  the  homogeneity  of 
the  electric  fluids  and  the  constituent  parts  of  common  air — to 
their  being  nothing  else  than  the  oxygen  and  azote  of  the  air  un- 
duuDged  and  unalloyed — and  to  the  dislocation  of  all  the  interme- 
I  diate  oxygenous  particles  in  one  direction,  and  of  all  the  iiitcrme- 
diate  azotic  particles  in  another: — as  this  is  the  case,  and  as  there 
(  18  no  such  homogeneity  between  the  galvanic  fluids  and  the  parts  of 
;.  eomnion  air — as  they  are  the  oxygen  and  hydrogen  of  water,  and 
\  therefore  cannot  correspond  to  and  rest  on  the  particles  of  the  in- 
[  termediate  aerial  column — and  as  consequently  no  dislocation  and 
interchange  of  its  particles  can  occur,  it  is  obvious  why  the  galvanic 
tpaik  is  not  seen  to  percur  so  great  a  portion  of  air  as  the  electric. 

The  preceding  considerations  also  show  why  it  is  that  oxygen  and 
adds  seem  to  be  attracted  to  the  positive  wire,  while  hydrogen, 
alkalies^  and  metals,  are  attracted  to  the  negative  wire. — The  accu- 
mulation, however,  of  illustrations  would  ill  suit  the  extent  which 
ciQ  be  permitted  to  this  paper.  It  is  enough  that  [  have  shown  that 
if  the  two  species  of  galvanism  were  either  more  or  less  than  the 
oqrgen  and  hydrogen  of  water,  its  phenomena  would  be  less  easily 
apUcable. 

Thus,  Sir,  have  I  endeavoured  to  explain  the  nature  of  that  con* 
fiexion  to  which  you  have  alluded  as  existing  between  chemistry  on 
the  one  hand,  and  electricity  and  galvanism  on  the  other,  and  to 
show  that  that  connexion  is  of  the  simplest  and  most  obvious  kind ; 
the  two  species  of  electricity  being  the  mere  oxygen  and  azote  at 
the  air,  mechanically  divided,  and  unchanged  and  unalloyed  in 
.  *tlieir  nature ;  and  the  two  species  of  galvanism  being  the  mere 
oxygen  and  hydrogen  of  water,  chemically  separated^  and  equally 
unchanged  and  unalloyed. 

I  am.  Sir,  with  great  respect, 

Your  obedient  servant, 
OcfoA<r,  J81A.  Alexander  Walker. 


Article  IV, 

Cummy  Observations  on  the  Nature  and  Treatment  of  Remittent 
Fever.    By  H.  Robertson,  M.D.  Col.  Med.  et  Acad.  Ipn.  S. 

The  remittent  fever  is  that  form  of  pyrexias  that  resembles  both 
intermhtent  and  continued  fever,  and  is  found  to  originate  from  the 
impression  of  a  peculiar  exhalation  arising  fronof  stagnant  water  im*- 
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pregnated  with  the  decaying  remains  of  animal  and  vageul 
stances,  and  consequently  is  not  in  tiie  first  place  a  contaj 
infectious  disease,  or  one  ihal  can   be  coniraunicated  at  a 
from  ilie  source  of  its  exciting  cause,  however  severely  and 
cally  it  may  prevail  in  certain  situations. 

Tlie  more  distinct  the  remissions,  and  tlie  more  nearly  n 
fever  approaches  to  the  form  of  intenniiient,  so  much  more 
able  are  its  symptoms.     On  the  tooirary,  the  more  near! 
■embles  continued  fever,  so  in  proportion  Are  its  cousequenci 
dreaded.     In  the  south  of  Europe,  this  is  iis  most  general 
wliere  the  only  appearance  of  its  peculiar  nature  is  to  be  i 
from  the  exacerbation  of  the  fever  ihat  commonly  approacl 
hours  after  mid-day,  and  the  obscure  remission  that  takes 
the  fever  declines  after  midnight  as  the  morning  advances, 
exacerbation  is  found  to  recur  at  quotidian,  tertian,  and  quartu 
periods.     Tlie  last  form  I   hnve  always  found  accompanying  tbi 
severest  atlaclcs.     The  pulse  is  rarely  found  hard  in  remittent  fever, 
though  commonly  full,  strong,  and  rapid  ;  but  in  some  instancfsl 
Lave  found  it  small,  and  not  greaily  exceeding  its  natural  motian. 
Kemittent  fever  is  always  ushered  in  by  cold  shivering,  which  the 
patients  call  a  fit  of  the  ague ;  but  the  successive  stages  of  the  Gt 
are  occasionally  found,  even  from  the  first,  to  be  irregular,  and  the 
one  not  in  succession  to  the  other,  as  in  common  ague.     After  thii 
cold  fit  the  patients  sometimes  are  able  to  walk  about  for  a  short 
time,  but  never  beyond  the  evening  of  the  third  day  from  the  fint 
attack,  when  the  disease  again  comes  on  in  its  decided  type.    Iti 
many  cases  the  remission  is  so  complete  in  the  first  days  of  the  fe»et 
as  to  give  an  idea  tliat  the  disease  has  terminated ;  but  in  eveiy 
such  instance  I  have  always  found  it  the  precursor  of  the  most 
violent  subsequent  disease  :    hoivever,  relapses   are    most  rare  in 
this   disease,    though    I    have   also  frequently  met  with  people 
who  have  sufti;red  two,  and  even  three  attacks,  during  the  sam* 
leason.     Convalescence  is  in  many  cases  very  tedious  ;  especiallyla 
those  where  the  dibease  has  run  on  some  days  before  attended  to,  or 
where  from  other  causes  a  determination  to  any  particular  organ 
■till  exists,  though   in  a  less  degree  than  during  the  access  of  the  , 
disease.     From  this  cause  vertigo,  liead-acb,  slight  suffusion  of  the 
tunica  albuginea,  and  tremors,  are  not  uofrequently  the  sequelte  of 
remittent  fever.  Sometimes  the  disease  is  accompanied  by  diarrhoea; 
and  in  such  cases  I  have  always  found  the  fever  milder.  Costiveness 
is  not  a  common  occurrence   in  this  fever,  the  bowels  being  gene-" 
rally  regular;  the  tongue  is  always  foul,  often  parched  from  the 
first,  with  pain  at  the  scrobJculus  cordis,  and  sometimes  nausea,  with 
great  thir^^t.     But  the  head  is  the  organ  that  primarily  and  particu- 
larly suffers  in  this  disease,  by  pain,  giddiness  on  changing  posture, 
epiphora,  sneezing,  beating  of  the  carotids,  and  frequently  a  sense 
of  heaviness,  with  a  degree  of  stupor,  though  at  the  same  time 
there  «re  a  continual  desire  of  changing  posture,  sighing,  aod 
ingly  great  anxiety. 
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At  the  same  time  I  have  to  obsenre  that  the  most  dangerous  eases 
•f  this  fever  which  1  have  seen  were  those  who  did  not  complain  of 
head-ach^  but  in  whom  the  giddiness  was  great,  with  a  small  quick 
pulse,  and  cold  extremities.  The  duration  of  xemittent  fever  may 
probably  be  justly  said  to  be  about  seven  days.  No  doubt  there  flre 
cases  much  exceeding  that  period,  and  others  that  do  not  even  reach 
it.  This^  however,  is  the  medium  of  its  duration,  according  to  my 
experience.  But  I  have  met  with  nothing  like  a  crisis  in  this  fever; 
and  any  appearances  of  putridity^  as  petechia,  or  glandular  ab- 
scesses, are  no  less  uncommon.  1  have  frequently  seen  patients 
who  have  been  recovering  from  remittent  fever  become  affected 
with  regular  fits  of  ogue. 

Duripg  the  prevalence  of  remittent  fever  every  acute  disorder 
seems  to  partake  of  the  nature  of  that  disease,*  we  find,  therefore, 
many  anomalous  cases,  that,  although  admitting  of  the  same  treat- 
ment, are  not  to  be  classed  under  this  variety  of  disease.  In  this 
my  catarrhs,  with  head*ach,  epiphora,  &c.  in  the  first  coming  on, 
ttlended.  with  a  quick  pulse,  diarrhoeas,  especially  such  as  occur  in 
joong  and  delicate  subjects,  in  like  manner  yield  to  the  same  plan 
of  cure  that  is  found  successful  in  the  treatment  of  remittent  fever, 
thb  afiection  of  the  bowels  is  almost  always  imputed  to  something 
hproper  in  the  food,  to  teething,  or  to  some  other  not  very  obvious 
ciuse ;  but  in  proof  that  the  fever  in  such  patients  is  not  owing  to 
.die  first  of  those  causes,  we  very  well  know  that  the  febrile  symp* 
toms  and  diarrhoea  remain  even  after  all  offending  matters  have 
been  evacuated.  We  have  also  daily  experience  to  show  that  no 
permanent  febrile  disease  is  ever  excited  by  thb  cause ;  and  we  have 
only  to  look  into  any  anatomical  work,  and  examine  the  evolution 
of  the  teeth  in  the  process  of  dentition,  to  be  confirmed  that  disease 
from  this  cause  must  be  a  rare  occurrence.  I  have  accordingly 
always  found  that  whenever  remittent  fever  is  a  common  disease, 
catarrhs,  diarrhoeas,  inflammation  of  the  lungs  and  abdomen  arc 
fipeQuently  met  with  ;  and  in  one  case  I  saw  the  disease  alternate 
with  a  severe  paid  of  the  femur. 

As  to  the  nature  of  the  disease  in  question,  I  have  no  hesitation 
in  giving  my  opinion  of  it  as  a  fever  of  a  highly  phlogistic  diathesis  ] 
an  opinion  that  I  conceive  to  be  confirmed,  not  only  by  the  symptoms 
of  the  disease  in  its  whole  course,  but  also  by  an  inspection  of  the 
bodies  of  those  who  have  died  of  this  fever.  Moreover,  in  its  most 
4^gpnavated  forms,  I  consider  remittent  fever  in  this  point  of  view, 
sod  that  the  symptoms  generally  taken  for  those  of  debility  can  be 
much  more  satisfactorily  explained  by  referring  them  to  the  ex* 
oessive  stimulant  powers  of  the  exciting  cause  of  the  disease,  pro- 
ducing thereby  irregularity  in  the  nervous  functions ;  and  that  even 
nemittent  fever  partakes  of  the  phlogbtic  diathesis  in  jts  protracted 
state,  wKeb  the  phenomena  that  commonly  supervene  in  these  cir- 
cnmatances  evidently  arise  from  the  excessive  action  of  the  san- 

Eiferous  system  of  the  brain.    It  is  to  the  excessive  action  of  the 
itf  t  and  arteries^  superadded  to  the  previously  stimulaled  state  of 
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the  brain  from  the  exciting  cause^  that  I  imagioe  the  sense  of  doli-  ^. 
ness  or  heaviness  at  the  commencement  is  to  be  imputed,  and  ^ 
which  proceeds  to  coma  as  the  disease  increases.  This  is  a  point 
most  essential  to  be  ascertained  in  practice ;  as  upon  the  correctoen 
of  our  judgment  here  a  most  important  part  of  the  cure  depends. 
In  the  view  which  I  have  taken  of  the  nature  of  remittent  fever, 
vre  may  at  once  see  the  impropriety  of  the  stimulant  plan  of  treat- 
ment, so  far  as  relates  to  the  use  of  internal  means,  whether  or  not 
these  be  in  the  shape  of  diet,  or  medicines.  The  torpid  state  of  the 
functions  in  almost  every  advanced  case  of  remittent  fever  seems  to 
be  owing  to  an  accumulation  of  serum  in  the  ventricles  of  the  brain, 
produced  in  consequence  of  a  great  determination  of  blood  towards 
that  organ,  as  explained  nbove.  In  these  circumstances  stimulanti 
must  increase  the  affection ;  and  I  do  not  recollect  having  seen  e?ea 
a  single  instance  of  such  treatment  prove  successful,  while  on  the 
other  hand  the  brain  being  thus  considerably  compressed,  ageooil 
application  of  the  evacuating  plan  may  not  be  admissible ;  our  re- 
source in  that  case,  therefore,  is  more  in  local  remedies,  at  the  same 
time  keeping  the  tension  of  the  vascular  system  in  a  certain  state  of 
vigour  by  means  of  mild  diet,  &c. 

It  has  been  long  observed  that  the  natives  of  any  place  are  much 
less  liable  to  be  affected  with  the  diseases  peculiar  to  the  situation 
than  strangers,  or  those  newly  arrived ;  and  it  may  likewise  be 
added,  that  when  they  are  attacked  with  any  endemic  affection,  it 
is  rarely  so  severe  as  it  is  found  to  prevail  among  strangers,  and 
those  not  accustomed  to  the  climate.     This  I  have  had  good  oppor*^ 
tunities  of  seeing  confirmed  in  the  South  of  Europe,  in  the  casie  of 
remittent  fever,  which  rarely  affects  the  natives  so  severely  as  it  does 
our  own  countrymen,  and  the  natives  of  northern  climates,  although 
in  every  respect  using  the  same  diet,  and  following  the  same  manner 
of  life.     I  speak  of  the  Spaniards,  the  Portuguese,  Italians,  &c« 
employed  in  our  service.     This  I  have  heard  frequently  imputed  to 
our  being  less  ten;)perate  than  these ;  and  unquestionably  habitual 
intemperance  does  afford  a  most  unfavourable  disposition  to  every 
inflammatory  affection ;  but  in  this  instance  I  do  not  consider  the 
observation  sufliciently  explained  by  that  remark,    even   were  it 
always  correct ;  besides,  I  have  frequently  observed  the  most  tem- 
perate of  the  military  labouring  under  the  most  severe  attacks; 
though  this  class  are  not  so  generally  afiected,  or  so  difficultly  re-* 
covered,  as  those  whose  irregularities  are  greater.     Certainly  much 
depends  in  this  matter  upon  our  own  peculiar  manners  and  habits. 
Though  the  natives  of  the  north  of  Europe  are  not  reckoned  so 
irritable  as  those  nearer  tlic  equator,  unquestionably,  however,  the 
effect  of  any  impression  communicated  to  these  is  much  more  letting 
than  in  the  others;  therefore  a  given  impulse  on  the  nerfious  system 
being  more  permanent,  must  become  more  powerful  ip  its  codsg- 
^uences  ;  for,  as  I  have  already  remained,:  it  seems  to  be  from  the 
accelerated  action  of  the  sanguiferous  system  increa^iqg  the  efiectt 
of  the  original  impression  upon  the  l^raiof:  that  thei  severity  and 
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_[6r  of  Ihe  disease  U  naost  frequently  owing.  Remitienl  fever  is, 
Fefare,  according  to  tlie  view  that  1  have  taken  of  it,  e  disease 
Be  characterisTic  symptoms  during  its  whole  course,  liowevtf 
ractedi  depend  entirely  upon  the  influence  of  the  same  catis^ 
le  eotisequences  which  this  produces  on  the  system  in  its  inime- 
!  impression;  the  principal  phenomenoQ  of  the  disease  in 
wr  state  depending  on  an  increased  action  of  the  vessels  of  the 

Ithoi^h  I  do  not  admit  that  there  are  different  stages  of  this 
:,  as  those  of  debJUiy,  putridity,  &c.,  there  is  not  a  doubt  but 
ilben  are  different  degrees  of  the  disease  in  point  of  severity— 
that  of  simple  intermittent  to  tlwt  of  the  most  violent  coo- 
1  fever. 

lowness  is  a  very  common  occurrence  in  this  disense ;  and 
igh  I  do  think  that  it  is  almost  always  the  consequence  of  a 
It  attack,  I  do  not  consider  the  yellowness  itself  as  adding  to 
anger  of  the  complaint.  In  such  (iissectioos  as  1  have  aeen  of 
who  died  with  this  appearance  in  remittent  fever,  in  bo  case 
I-erer  discovered  any  peculiar  aBection  of  the  liver,  so  as  to  be 
to  account  for  It.  May  not  the  yellowness,  therefore,  be  ta 
mniec^eoce  of  tlie  increased  action  both  of  the  arterial  and  ab- 
urbent  vessels  of  that  organ,  whereby  the  increased  bilious  secre- 
iioD  u'hicii  must  thereby  ensue  is  more  rapi.Ily  taken  up  and  con- 
veyed ta  the  circulation  i  There  is  one  observation  which  1  have 
aade  that  seems  to  support  this  idea ;  namely,  that  the  yellowneis 
most  generally  comes  on  rapidly,  and  in  tlie  earliest  period  of  the 
fever,  and  in  cases  where  the  allection  of  the  head  is  mosl  remark- 
able, though  there  are,  no  doubt,  exoeptions  to  this  obsen'ation ; 
but  ]  have  rarely  seen  it  come  on  when  the  pulse  is  small  or  weak  ; 
neJiherdo  I  (liink  that  it  entirely  depends  on  the  season,  orstate  of 
itie  weather,  although  it  certainly  does  appear  oftener  when  ibe 
leason  is  hottest ;  and  consequently  the  more  southerly  the  climate^ 
■o  JDuch  the  more  frequently  is  it  met  wiih ;  circumstances  whichi 
lead,  1  imagiue,  to  confirm  the  opinion  that  1  have  suggested  of  its' 
cause.  But  to  whatever  circumstance  or  cause  this  may  be  owin^ 
1  have  found  that  while  the  fever  lasts,  and  during  its  abatement, 
llie  yellowness  gradually  wears  off;  but  as  soon  as  the  disease  ter- 
mioates,  the  yellowness  suffers  but  little  diminution  for  a  consider- 
aUe  time ;  and,  in  many  cases,  it  is  not  till  long  after  the  patient 
has  regained  his  usual  health  that  the  skin  becomes  of  the  natural 
W.  I  have  tried  a  variety  of  medicines  to  effectuate  this  purpose^ 
bui  without  being  able  to  point  out  any  that  fully  answers  our  in- 
lEDtJons.  I  believe  the  nitric  acid,  with  infusion  of  quassia,  and 
occasional  doses  of  calomel,  to  he  as  good  as  any. 

The  different  and  opposite  modes  of  practice  for  the  cure  of  re- 
nuttent  fever  originate,  of  course,  from  the  opposite  opinions  wbiol^ 
»re  entertained  of  the  nature  of  the   cause  of  that  dl 
effects  upon  the  gystem.     Those  who  maintain  that  this  cause  opt-, 
-.aifs  upon  the  system  as  a  sedative,  or  power  destroying  the  eneri 
Vol.  VIII.  N°lll.  N 
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of  llie  function  upon  which  it  immediately  acts,  consider  all 
appearances  which  are  met  with  on  disseciion  of  those  who  I 
died  of  the  fever  as  supporting  this  opinion.  These  appeara 
are  most  commonly  found  to  be  a  distended  state  of  the  vei 
vessels  of  the  brain,  and  a  serous  effusion  into  the  cavities  of 
organ.  No  doubt  other  organs  are  occasionally  found  to  have  ■ 
affected,  especially  in  such  as  have  previously  laboured  undei 
visceral  affection. 

The  supporters  of  the  above-mentioned  opinion  of  the  can 
remittent  fever  imagine  that  it  more  immediately  aft'ccis  the  net 
system  by  its  sedative  power,  the  hrain  being  Itie  principal  or^ 
this  system.  The  distention  of  its  blood-vessels  found  on  diss* 
proceeds  from  the  remora  in  the  propulsion  of  the  contents  ol 
veins  in  consequence  of  a  proportionate  debility  in  these  v( 
themselves ;  hot,  in  objecting  to  tliis  opinion,  we  must  obs 
that  not  only  are  the  larger  trunks  found  in  a  state  of  dtEtpn 
but  there  is  always  found  the  appearance  of  the  minute  vessels  I 
afiected  also  in  the  same  manner,  and  in  a  much  greater  d< 
than  ivhat  is  met  with  except  in  those  who  have  laboured  unA 
inflamed  state  of  the  brain,  and  to  which  they  bear  every  re 
blance ;  a  fact  that  indicates,  I  imagine,  a  very  opposite  stale  o 
organ  to  that  which  I  can  suppose  to  be  the  effects  of  the  oper 
of  a  sedative  power ;  for  admitting  for  an  instant  that  such  p( 
or  properties  do  exist  in  certain  Iradies  in  their  effects  upor 
functions,  I  apprehend  that,  in  proportion  to  the  sedative  im 
sion,  a  diminished  energy  in  the  blood-vessels  must  be  the  c 
quence,  and  unless  the  impression  is  instantaneous,  and  e^ 
powerful  upon  the  whole  cerebral  functions,  thereby,  aa  il  ' 
arresting  suddenly  the  fluids  in  the  vessels,  that  instead  of  a  t 
state  of  the  vessels  of  that  organ,  we  should  rather  expect  to  1 
unusually  pale,  and  the  blood-vessels  in  a  collapsed  state;  f( 
progress  of  the  disease  shows  that  the  influence  of  the  ne 
agent  is  comparatively  gradual  in  its  action ;  and  consequently, 
upon  the  supposition  that  the  remote  cause  is  of  a  sedative  ni 
the  blood  would  readily  find  its  course  by  some  other  route, 
dually  as  the  debility  of  the  vessels  supervenes.  The  quant 
blood  sent  to  the  head  must  always  be  in  proportion  to  thepOT 
the  blood-vessels  to  propel  it.  Moreover,  dissection  does  not 
that  the  arteries  of  the  brain  are  iu  a  distended  state,  whici 
doubtedly  must  have  been  the  case  if  this  appearance  is  the  ( 
quence  of  disease  originating  from  the  impression  of  a  sedative  \ 
as  in  that  way  both  sets  of  vessels  must  have  been  equally  aflei 
But,  laying  aside  these  arguments,  it  is  the  duty  of  those 
maintain  the  doctrine  of  sedatives  to  show,  either  by  din 
analogous  facts,  that  such  powers  do  exist.  I  am  not  aware  tlii 
can  be  adduced  of  the  first ;  and  those  generally  supposed  to 
the  second  class  seem  to  militate  considerably  against  that  doc 
In  the  first  place,  the  circumstances  of  the  inoculation  either 
plagaCf  suiaJl-pox,  or  any  other  febrile  disease,  do  not  warn' 
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inference  of  the  nature  of  the  matter  producing  these  diseases, 
same  may  be  said  of  the  poison  of  venomous  animals,  electri* 
ff  carbonic  acid  gas,  all  the  mineral  poisons,  alcohol,  and  vege- 
le  substances  called  narcotics ;  which,  although  in  certain  pro- 
ons  they  instantly   destroy  animation,   nevertheless,   in  less 
Dtities,  or  in  a  diluted  state,  they  are  known  to  possess  the  most 
ided  stimulant  properties ;  and  I  cannot  imagine  that  the  samb 
tters  should  possess  properties  so  decidedly  different,  however 
jfied,  or  in  whatever  circumstances  they  are  communicated  to 
living  body. 
Without,  therefore,  entering  more  minutely  into  an  investigation 
this  subject,  I  shall  briefly  state  my  opinion  of  the  proximate 
use  of  remittent  fever,  which  will  readily  afford  an  explanation  of 
t  method  that  I  have  followed  in  its  treatment, 
I  consider  that  the  miasma  producing  remittent  fever  acts  upon 
nervous  system  as  a  stimulant,  the  principal  effects  of  which  are 
ifested  upon  the  brain,  to  which  it  gradually  communicates  its 
liar  impression  through  the  medium  of  the  circulation ;  that 
irregularity  that  appears  in  the  nervous  functions  in  the  course 
the  disease  arises  from  the  violence  of  the  power  of  the  exciting 
Hence  originates  the  irregularity  and  increased  energy  d[ 
circulating  powers;  that  of  course  this  excitement  will  appear 
test  in  the  organ  most  immediately  and  principally  affected,  viz. 
brain,  or  in  such  viscera  as  are  connected  with  that  organ  in  a 
{kalthy  state  by  sympathy,  as  the  stomach,  the  liver,  &c.  or  in  such 
sigans  as  may  have  been  previously  affected  with  disease.     In  this 
way  I  imagine  that  the  foul  tongue,  nausea,  and  other  affections 
jof  the  stomach  and  bowels,  met  with  in  all  degrees  of  remittent 
,;ue  secondary  symptoms,  and  depend  entirely  upon  the  primary 
ioapression  of  the  exciting  cause  on  the  brain.     Moi  cover,  that  from 
the  moment  the  miasnui  or  exciting  cause  is  imbibed  into  the 
L-  fijfstea],  I  consider  its  effects  to  commence,  though  gradually  deve- 
loping itself  according  to  the  virulence  of  the  exciting  cause,  the 
idiosyncrasy,  and  habits,  of  the  patient ;  but  from  the  first  instant 
liiat  its  effects  become  evident,  in  a  greater  or  lesser  degree,  and 
not  after  a  lapse  of  so  many  days,  weeks,  or  months,  does  it  explode, 
locording  to.  modern  phraseology  on  this  subject. 
If    But  although  I   consider  the  matter  producing  remittent  to 
!  be  essentially  the  same,  I  believe,  nevertheless,  that  a  more  aggra- 
nted  form  of  disease  is  occasioned  by  a  more  concentrated  state  of 
that  poison.     Hence  the  different  degrees  of  seventy  of  remittent 
fever  at  different  periods  of  the  year,  and  in  different  climates, 
which  seem  to  form  a  gradation  of  disease  in  the  following  scale  : 
mtermittent,  catarrhus  attended  with  epiphora,  sternutatio,   &c.^ 
.Rmittent,  yellow  fever.    And  from  a  recent  occurrence  in  this 
■  iriand  (Coifu),  independently  of  what  is  to  be  inferred  from  the 
writings  of  Sydenham,   Russel,   Diemerbroeck,   and  Alpious|  it 
.  would  appear  tliat  the  plague  itself  originates  from  the  same. cause. 
'  See  also  Heberden's  observations.    It  was  long  ago  remarked  by 
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Sydenham  that  erysipelas  bore  a  great  resembUnce  to  the  plaguei 
and  from  the  frequency  of  scarhitiRii  in  every  climate  where  remiv 
(ent  fever  is  no  eodemic  diseise,  it  is  also  to  be  presumed  that  tbcR 
euecs,  at  least,  a  very  great  Bimilarity  in  the  causes  of  itiese  aft^ 
tiotis. 

Thii  beiog  my  opinion  of  the  effect  of  the  remote  cause  of  le- 
mitteat  fever,  the  plao  of  cure  in  all  its  varieties  will  be  very  etti^ 
understood.  As  we  have  no  other  mode  of  alwtinf  theenerf^M 
the  nervous  system  than  by  diininidiing  the  vigour  of  the  difiraia 
functions,  wc  most  effectually  answer  the  intention  by  diminishMg 
tlie  force  of  the  circuiating  fluids,  causing  a  more  equal  diatribiitioa 
of  them  by  derivation,  and  carefully  avoiding  every  thing  that  tendi 
to  excite  llie  energy  of  the  sanguiferous  system,  either  by  tbt , 
articles  of  diet,  medicine,  oi'  regirnen. 

I  am  convinced  that  the  practice  of  blood-letting  in  the  cart  of 
remittetit  fever  lias  frequently  fallen  itito  disrepale,  not  only  fnn 
the  injudicious  way  it  has  been  hnd  recourse  to,  bitt  more  pinticn- 
lariy  from  its  failure  in  giving  relict!,  in  consequence,  1  imagine,  «f 
the  simultaneous  administration  of  other  remedies,  or  modes  d 
practice  tending  to  frLHCralc  its  advantages.  One  of  the  most  olf 
viouE  consequences  of  blood-letting,  ehhcr  in  the  heuliby  or  disHCil 
state,  is  an  increase  of  tlie  sensibility  and  tmtabilityaf  thesystea< 
From  this  cause  we  6nd  that  less  doses  of  medicines  are  required  U 
procure  certain  etl'ects  after  that  operation  than  before  it,  and  corat- 
gently  that  nbatever  tends  even  slightly  to  irritate  or  stimutate  tk 
ayetem  when  in  health,  is  in  these  circumstances  often  followed  b; 
dte  most  violent  efiects. 

Mercury,  which  is  a  slimulant,  and  one  that  is  more  permaiient 
in  its  effects  thtm  any  other  known,  is,  therefore,  in  my  oiunion, 
decidedly  impropei  in  every  febrile  affection ;  and  I  speak  from  »■ 
perience  when  1  say  that  it  is  most  pernicious  in  the  treatment <if 
remittent  fever,  if  blood  is  taken  away,  therefore,  at  the  same  tiiM 
that  mercury  is  administered  to  the  patient,  we  cannot  wonder  thU 
the  good  eifects  of  the  first  o|)eration  are  defeated,  or  rather  that  ii 
is  thereby  rendered  prejudicial  to  the  patient;  as  thereby  the 
stimulant  efiecis  of  the  mercury  become  more  forcible,  whieb, 
added  to  tlie  already  morbidly  increased  irritability  of  the  roimiW 
vessels  from  the  ejects  of  the  exciting  cause,  must  often,  if  DM 
always,  aggravate  the  disease.  The  mercurial  or  stimulant  treatment 
is,  therefore,  a  much  safer  practice  when  exhiliiied  without  an^ 
previous  evacuation  of  blood.  In  this  case  some  of  the  pBtieots,!? 
the  strength  of  constitution,  may  overcome  bolh  tlie  eflects  of  fb' 
original  exciting  cause,  and  also  the  irritation  produced  by  the  mc 
cnry  ;  whereas  in  the  milled  practice  few  escape,  except  in  sli^UT 
cases  of  the  original  affeciioii.  In  proof  of  this  I  liave  only  W 
adduce  the  proporiion  of  mortality  to  the  recoveries  in  those  casei* 
epidemia  that  have  occurred  in  these  climates  of  late  years  ;  «  OPf 
tality  equally  fatal  to  that  of  any  plague  OD  record,  beiog  Miy^ 
oently  as  three  to  five  who  recovered.  lu^ 
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liloaie)  »  the  on]y  remedy  of  this  class  thai  is  used ;  and  ift 
ttever  way  it  is  given,  or  with  whatever  substnncM  it  may  be 
)m1>  even  mth  aatimonial  mttitcines,  when  it  sets  as  a  purgativ^ 
nves  SBch  ao  impression  upon  the  extreme  vetsrts  increasinl 
rirrinbility,  itiat  1  have  never  seen  the  we  of  it  persisted  in  far 
■  aucCHslve  days,  in  severe  cases  of  disease,  that  it  was  not  f^ 
id  l>y  a  fatal  event,  nr  tedious  recovery,  and  in  these  too  U. 
DeA  to  ^ve  origin  to  vtseeral  obstructions,  and  other  untoivard 
MqKcnccs.  Indeed,  upon  any  rational  principle  of  aire,  there 
Ifol  beany  propriety  in  H^ing  snch  medicines  at  the  eotntnence- 
It  ef  remittent,  in  however  small  doses  they  nHiy  I>e  giren,  or 
D  whatever  fuBPtion  they  are  supposed  to  operate ;  for  even  wheB 
met  »cts  as  a  purgative,  there  is  a  sufficient  quantity  of  it  alwi^ 
WhiA,  wlitch  very  speedily  produces  an  imprenioii  that  defeaM  ] 
^»od  ejects  of  its  more  obvious  operation.  See  an  imponaot  | 
r  OB  tikis  su)>}ecl  in  the  Annual  Register  for  1802,  vol.  xliv. . 
M.  In  that  paper  llie  merits  of  the  different  modes  of  praiv 
■ttc  impsniatly  stated,  it  having  been  drawn  up  from  the  obser- 

19  of  a  GentietiKtn  not  of  the  medical  profession.     And  here  it 

re  thai  (he  succesa  of  the  plan,  which  1  have  proposed,  is  mudi 
ker  th«a  that  of  the  mercurial  practice ;  as  by  the  abore-men- 
Ad  paper  the  number  who  died  under  the  mercurial  treatment 
75  to  79 ;  on  the  other  band,  5«  who  were  treated  by  btood- 

g  speedily  recorercd. 

e  same  reas^mlng  in  regard  to  catomel  is,  in  a  certain  degree, 
licable  to  the  use  of  antimony  in  the  commencement  of  ihia 
r;  for  although  its  stimulant  powers  are  not  so  permanent  as 
e  of  calomel,  am)  it  is,  therefore,  less  objectionable,  nevcrFJieless 
il  the  energy  of  the  circulation  is  somewhat  abated  by  hlood- 
^^Dj,  aatine  purgatives,  and  other  parts  of  the  antiphlogistic  treat- 
«,  it  is  not  an  advisable  remedy ;  but  after  the  tension  of  the 
^fefws  system  is  diminislied,  1  have  fottnd  antimony  to  be  a 
It  useful  auxiliary  in  the  cure  of  remittent  fever,  but  ^ven  in 
Hi  less  quantities,  and  ationger  intervals  than  what  are  asaallj 
mmended.  I  rarely  exceed  one  or  two  grains  of  aniimoafd 
ider  for  a  dose,  and  this  repeated  every  hour  for  four,  five,  or  sis 
B9,  drinking  lenronade  or  barley  water  during  its  use.  In  this 
it  conwnonlyaffeefs  tlte  bowete,  and  at  the  same  time  prodocee 
Nstureon  the  shin,  which  lias  the  effectalmost  always  to  relieve 
patient ;  bitt  whenever  it  occasions  severe  nausea  or  vomiting,  I 
B  always  ftnind  it  hurtftil,  and  am,  therefore,  careful  m  prevent- 
either  of  these  occttrrences,  by  withholding  the  forther  use  of 
antimony  when  these  are  Hkely  lobe  produced  by  it.  The  pre- 
Hiona  of  antimony  wliic>r  !  prefer  are  the  an(imonia)  powder  and 
tartrate  of  antimony,  the  last  always  in  solwioB  rarely  esceed- 
■i  of  a  grain  ft»r  a  dose.  Nausea  and  vomitii 
tne  head,  aT>d  increasing  the  irritability  of 
iliarly  hurtful  in  this  fever  j  therefore  emet! 
'  axeafostaaeef,  Dcver  to  be  used. 
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stomach,  being  in  almost  every  case  a  secondary  nlfcctton,  getierall; 
disuppears  as  the  head  becomes  relieved. 

Cold  bathing,  or  rather  the  dashing  of  cold  water  over  the  patieot, 
I  have  always  found  at  best  a  doubtful  remedy,  and  often  a  dangi^f- 
ous  attempt,  particularly  in  the  commencement  of  remittent  fever, 
by  its  eftect  in  determining  to  the  head.  Spunging  with  tepid  water 
i  have  often  seen  usefully  employed  in  every  period  of  the  diKase. 
From  what  has  been  already  advanced  on  this  subject,  it  may  nalu- 
rally  be  expected  that  stimulants  of  every  kind  must  be  hurtful  ia 
every  period  of  the  disease ;  and  I  have  accordingly  found  that  in- 
ternal stimulants  are  pernicious  at  every  period  of  remittent  fever; 
even  bark,  and  in  weak  decoction,  is  scarcely  excepted  from  thii 
remark ;  for  this  medicine  never  seemed  to  me  to  be  of  the  smallot 
utility  till  the  fever  had  put  on  the  decided  intermittent  form;  wheit- 
ever  it  was  given  previously  in  substance,  it  evidently  did  Itann. 

Sudorifics,  as  coming  within  the  class  of  stimulants,  are  not  ad- 
▼isable  in  the  early  stages  of  the  fever;  tJiough,  as  the  disease  ad- 
vances, when  this  process  can  be  elfecled  without  forcibly  increasing 
the  action  of  the  minute  vessels,  it  is  productive  of  great  benefit, 
by  relieving  the  head.  Upon  the  same  principle,  small  blisters  oo 
the  neck,  head,  and  ancles,  or  synapisms  to  the  soles,  are  often 
advantageously  had  recourse  to.  But  here  1  have  to  observe,  that  J 
have  frequently  found  the  good  effects  of  blistering  defeated  by  tlie 
general  irritation  produced  from  their  being  too  large;  for  all  medi- 
cines of  this  class  do  good  only  by  the  local  irritation  which  they 
9ccasion. 

Upon  the  whole,  I  have  found  the  remittent  fever  most  success- 
fully treated  by  a  free  depletion  at  the  commencement,  and  the 
gradual  adoption  of  the  stimulants  we  have  in  the  articles  of  diet 
towards  the  termination,  with  occasional  remedies  for  particuiit 
symptoms  during  the  course  of  it ;  and  1  venture  to  pronounce  this 
practice  favourable,  on  finding  that  the  proportion  of  fatal  cases  to 
those  of  recovery  is  not  more  than  1  to  24,  including  even  those 
Mho  from  previous  disease,  and  inveterate  had  habits,  could  not  be 
expected  to  recover  from  any  febrile  attack,  and  that  too  in  U 
epidemic  of  great  malignity. 

Purging  by  mild  neutral  salts,  or  infiision  of  senna,  pulp  tt 
cassia,  &c.  is  extremely  beneficial  at  the  commencement  of  reoiil- 
tent  fever.  These  should  be  frequently  repeated,  so  as  to  keep  up 
a  diarrhoea  for  a  day  or  two;  and  for  this  intention,  when  the  bowel) 
are  thus  disposed,  small  doses  of  pulv.  aniim.  are  found  suQicieii 

I        to  keep  up  tlie  affection ;  for,  next  to  blood-letting,  no  class  of 

I        medicines  are  so  useful  here  as  cathartics. 

I  1  do  not  recommend  blood-letting  in  the  commencement  of  rt- 

I        mittent  fever,  from  the  idea  of  counteracting  the  actual  inflamnu- 

■         tic      " 
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hut  it  may  be  no  less  usefully  employed  to  counteract  the  effects 
a  determination  towards  some  viscus,  which,  although  not " 
is  called  a  state  of  infiummiition,  is  in  a  condition  very  nrj 
7  -'^ 
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pioaching  to  it,  and  which,  if  not  corrected,  proves  equally  fatal 
to  existence.  This  I  conceive  to  be  the  most  general  condition  of 
the  oigan  principally  affected  in  remittent  fever. 

It  is  astonishing  to  see  how  very  soon  patients  recover  their  usual 
strength  after  the  loss  of  several  pounds  of  blood  for  the  cure  of  this' 
disease.  Indeed,  I  am  convinced,  both  from  private  and  hospital 
practice,  that  my  patients  got  soonest  well  who  had  been  most 
profusely  evacuated  at  che  commencement  of  the  disorder.  I  am 
of  opinion,  therefore,  that  :he  dread  that  is  commonly  apprehended 
on  account  of  the  debility  that  is  supposed  to  succeed  such  practice 
is  merely  imaginary,  very  opposite  effects  often  being  the  imme- 
diate consequence  of  that  operation.  I  remember  having  a  patient 
[Seijeant  DNDgherty,  of  the  10th  Foot),  who  by  accident  (the  burst* 
ing  of  the  temporal  artery)  lost  at  once  at  least  8  lb.  of  blood,  be- 
sides the  evacuations  in  the  course  of  the  disease,  and  he  was  able 
to  return  to  his  duty  in  about  ten  days.  A  circumstance  nearly 
similar  happened  to  a  soldier  of  the  20th  Dragoons,  with,  in  a  cer- 
tain degree,  a  similar  result.  In  protracted  cases  of  remittent  fever 
it  is  dften  puzzling  to  determine  on  the  propriety  of  blood-letting. 
In  stfch  cases  I  have  always  found  that  this  practice  may  be  deter- 
milled  upon  by  supporting  the  patients  erect  in  bed,  and  tying  up 
bodi  Arms  in  the  same  manner  as  when  the  common  operation  of 
pUebMomy  is  to  be  performed,  carefully  avoiding  the  compressioft 
of  the  arteries.  If  upon  thb  the  head  is  declared  to  be  relieved,  or 
tk  patient  otherwise  expresses  himself  better,  blood  may  be  takea 
avay  with  advantage. 

Upon  thb  principle  I  have  taken  blood  from  patients  with  gmt 
advantage  whose  pulse  was  extremely  weak  at  the  wrist,  but  alwayi 
in  diese  circumstances  it  rises  after  the  operation.  In  this  state 
enpiHng  glasses  applied  to  the  occiput,  or  temples,  leeches,  and 
laeid  stimulants,  as  blisters,  together  with  diaphoretics,  assist  in  th« 
lecovery  of  the  patient. 

The  above  is  an  outline  of  the  appearances  of  remittent  fever,  at 
it  has  £allea  under  my  observation  in  different  parts  of  the  Mediter- 
nnean,  and  in  different  seasons,  together  with  the  method  which  I 
bave  found  successful  in  the  treatment  of  it.  I  offer  these  for  con- 
liikfration,  not  from  the  idea  that  they  are  altogether  new,  but  in 
the  hope  that  they  may  assist  in  leading  to  a  more  certain  mode  of 
coring  the  most  frequent,  and,  as  I  apprehend,  in  its  varieties^  the 
ttost  dreadful  disease  that  afflicts  mankind  in  every  climate* 
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Article  V. 

A  Comparison  of  ilte  Old  and  New  Tkenries  respecting  the  JVkhtt 
of  Oxymuriatic  Acid,  to  enable  its  to  judge  ui/tich  fjT  the  two  A" 
serves  the  Preference.  By  Jacob  Berzelius,  M.D,  Ppofessoprf' 
Medidne  and  Pharmacy,  and  Fellow  of  the  Royal  AcBtfemy  efi 
SeiMcea  at  Stockholm. 

(CanHnved /itm  vat.  vii,  p.  441.) 

8.  Chlorine  forms,  with  Hydrogen,  Mttrialic  Acid ;  and  wilh 
Oxifgen,  Ckloric  Acid.  I/,  is,  therefore,,  analogous  to  Sulphur^ 
which  forms  Acids  ivitk  Hydrogen  and  Oxygen. 

It  appears  to  me  always  strange  when  the  new  doctrine  hafriot 
course  to  analogies,  because  it  seems  to  hav«  laid  it  down  as  a  duty 
not  to  ky  any  stress  upon  them.  Howevec,  ««  shall  exaauee  tbii 
analo|iy,  ao  fevoorable  to  the  new  doctrin*;,  more  eiosely. 

Sulphur,  tellvriuin,  phosphorus,  charcoal,  arsenic,  unite  with 
hydrogen,  and  form  peculiar  bodica,  whidi  all  have  a  certain  vniaff 
with  each  other.  The  first  two,  it  is  true,  possess  tbe  characters  a 
acids,  which  ilie  rest  want.  But  thes^  acid  pFopertks  do  Bot  iaibl 
leaet  dinoinish  the  general  aa a kgy  which  subsets  asioog  these  conn 
pounds  of  bydroges.  Sulphur,  arsenic,  phospliorus,  ci)arcoa]>  mi 
tellurium,  combine  likewise  u'itli  oxygen,  and  fofin  Acida,  winch 
have  a  ntarked  stDaJcgy  with,  oKch  other,  as  well  in  theii  outward 
characters  as  in  lk.'ir  cheniical.  pDopenies.  1  ask  now  with  wbi(^  of 
these  classes  of  bodies,  lias  muriatic  aeld  aa  aoalogy  ^  Han)l!)ta 
chemist  would  be  found  [the  supporters  of  the  sew  doctrine  Htt 
escepted)  who  would  berate  a  moment]  to  place  muriatic  acid  along 
with  the  acids  that  contain  oxygen,  their  properties  agree  so  weH 
together,  namely,  tlteJE  aoidity,  their  taste,  ibeir  sii>cll,  tbeir«8(ct 
when  concetitraied  m  conoding  and  blackening  auionl  aod  vege- 
table bociiesi,  the  degrees  of  tbeir  affinity,  &c.  Nw  could  w^ 
reason  he  assigned,  if  we  except  the  neccssi^  of  tbe  nmi  doelrin%L 
for  classing  muriatic  acid  with  sulphureted  hydrogen  or  tcttMoWl 
liydrogen  lather  tlian  wtth  sulphuric  acid  or  phosphoric  add. 

Even  the  weakest  acids  contsinli^  oxygen  rank  befbrft  tte 
liydrogen  acids,  and  this  i&  owing  to  the  nature  of  the  case.  But 
muriatic  acid  differs  so  much  from  the  others,  that  it  is  capable  of 
separating  most  of  the  other  oxygen  acids  from  their  eombinatioit^ 
even  those  which  are  stronger  tlian  itself.  This  is  contrary  to  every 
analogy  with  sulpbureted  hydrogen  and  tellureted  hydrogen,  and 
even  difficultly  accords  with  our  ideas  respecting  acidity.  Can  i^ 
then,  be  alleged  with  reasoD  that  the  explanations  of  the  new  doc- 
trine agree  with  the  other  parts  of  chemical  theory,  while  the  oU 
doctrine  is  inconsistent  with  them  1     And  has  not  the  old  doctri^ft 
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e  only  thin§;  wlikh  can  here  be  urged  against  the  old  doctrim 
B  necessity  of  supposing  the  existence  of  a  liyper-osi dated  acidL 
kc^Dion,  indeed,  is  not  improbable;  but  we  have  no  exampM 
RRinonff  aodffiptiled  aeids.  But  whoever  considers  itiiG 
3  for  adopiing  the  new  doctrine  would  be  disposed  (o  deny  tbt 
'"  y  of  every  thieg  tiot  yet  disccwered.  Annydroos  sulpburi^A 
l^has only  l>een  Uiely  discovered;  who,  then,  can  be  ;ure  t' 
tsfler  we  may  ikH  form  a  combination  of  it  with  oxygen  f 
tcording  lo  both  doctrines,  muriatic  acitt  is  a  very  strong  aci«fc 
according  to  tl>e  usiml  acceptaiiun  of  words, 
c  acid  has  a  sitonger  affinity  as  an  arid,  or  that  it  adheres  W  j 
■  wkh  HMwe  energy  than  oiher  acids.  It  follows,  a?  a  consc- 
I  from  this,  tl^t  the  compounds  of  muriatic  acid  are  more 
f  to  d»«>m[>ose  than  the  sarne  bases  united  toother  acids. 
It  ii  easy  to  see  n-helber,  according  to  tlie  new  doctrine,  tliis  be 
rwoi. 

M  portion  of  concentrated  salphuric,  iHtric,  nufriaric,  or 
arid;  acts  upon  the  icmgoe  or  the  sltin,  the  taste  and  the 
_  inform  W9  that  their  acrioH  is  analogous,  and  the 
tciion  on  vegetable  colours  and  vegetable  bodies  baa  also  (be  greati 
mRmblance.     If  we  combine  these  acids  with  ammonin,  we 

again  a  completely  analogous  action.  The  acid  characters 
[war,  and  are  replaced  by  a  saline  taste,  because  aqturoua  sal- 
■hich  l)0(h  doctrines  recogi>iBe  as  a  salt,  is  formed.  If 
■enaite  these  acids  with  potash  or  oxide  of  lead,  we  can  detect 
DOAiDg^whiti^t  is  inconsistent  with  their  analogous  action;  saline 
bdAerare  Ibrmed,  possessing  the  usual  characters  of  salts  of  potash 
aoiideef  lead.  The  old  doctrine  considers  muriate  of  potash  te 
■■rit,  jum  as  nitrate  or  sulphate  of  potash,  neither  of  which  po>- 
mtea  any  chetBicBlly  combined  water.  But  the  new  doctrine  '  ' — ' 
qnU  a  (Kfferent  view  of  ilw  matter  from  the  old.  As  the 
pnduct  which  is  obtained  by  saturating  mariaiic  acid  with  potash  ii 
procured  likewise  by  uniting  chlorine  and  potassium;  and  as  the 
Iwm",  when  tf&solved  in  water,  and  obtained  again  by  spontaneous 
mporntirai,  HptHt  being  dried  has  the  same  we^t  as  at  first,  it  can 
nitber  contain  potash  nor  raurratic  acid,  nor  can  it  he  a  salt,  but 
nut  be  a  chloride  of  potassium.  Tlie  increase  of  temperature  which 
llk«»  place  when  muriatic  acid  is  mined  with  a  ley  of  caustic 
potash,  caniK>t,  therefore,  iiave  the  same  cause  with  the  heat  pro- 
(IlKcd  by  mixing  diluted  sutphm-ic  acid  or  i>ilric  acid  with  potash 
Ity,  but  muai  proceed  from  this  cause,  that  the  hydrogen  of  the 
OMiiatie  aeid  forms  water  whh  the  oxygen  of  the  potash,  while 
chloride  of  potassium  is  composed.  The  saline  taste  of  the  chloride 
of  potaauum  e«n  give  no  information  respecting  this  body,  because 
iMdc^y  (.-annol  be  admitted  as  a  proof.  Quite  the  same  explanation 
iigiren  of  chloride  of  lead,  though  it  possesses  all  the  characters 
b(  B  call  of  lend,  namely,  &  street  taste,  'n  easily  blackened  by  sul- 
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phurcted  liydiogcn,  &c.  It  is  not,  therefore,  coiisidered  as  an  i 
nor  does  it  contain  oxygen.  Chloride  of  potash  and  chloride  of  1 
therefore,  arc  not  salts ;  they  are  rather  analogous  to  OKides 
metallic  sulnhurets.  1  now  ask,  can  any  man  hold  out  such  opint 
as  correct  chemical  philosophy  ?  And  is  this  the  just  logic  o/"  i 
mislri/,  which  the  chemists  of  the  new  doctrine  have  been  ui 
the  necessity  of  adopting  ? 

The  new  doctrine  shows  itself,  the  more  closely  it  is  examit 
the  less  consistent  with  the  other  parts  of  chemical  theory, 
therefore  the  less  probable,  I  shall,  on  that  account,  dwell  a 
on  the  chloride  of  potassium.  It  is  clear  that  chlorine  must  havei 
strong  afBnity  for  potassium.  It  is  likewise  known,  by  esperimi' 
that  chlorine  has  a  stronger  afhnity  for  hydrogen  than  for  oi 
and  potassium  a  stronger  affinity  for  oxygen  than  for  hydt 
Hence  in  no  chemical  argument  can  it  be  denied  that  muriatic a< 
as  an  acid  must  have  a  strong  a£Bnity  to  potash  as  a  basis.  From : 
these  well-grounded  and  sufficiently  established  suppositions,  it  mint 
follow,  as  a  necessary  consequence,  that  when  chloride  of  imtassium 
is  dissolved  in  water,  all  these  affinities  (that  of  chlorine  for 
hydrogen,  of  potassium  for  oxygen,  and  of  muriatic  acid  far 
potash}  must  act,  the  water  must  be  decomposed  with  an  increase 
of  temperature,  and  muriate  of  potash  formed. 

But  if  we  believe  the  supporters  uf  the  new  doctrine,  none  (rf  all 
these  things  takes  place.     It  follows,  therefore,  that  either  our  sup- 

Kitions,  or  the  opinion  that  chlorineb  a  simple  substance,  is  false, 
t  the  premises  founded  on  tlie  new  doctrine  of  afhniiy  cannot  be 
entirely  without  foundation,  as  is  evident  from  this,  that  when  sul- 
phuret  of  potassium  and  telluret  of  potassium  are  put  in  contact 
with  water,  the  liquid  is  decomposed  with  an  increase  of  tempera- 
ture, hydro-sulphuret  of  potash  and  hydro-telluret  of  potash  being 
formed,  which  may  be  obtained  in  a  dry  state  by  evaporating  them 
in  vessels  from  which  oxygen  gas  is  excluded.  They  are  not  again 
decomposed  by  exposure  to  a  red  heat ;  at  least  ihis  is  not  the  caic 
with  hydro-sulphuret  of  potash;  so  that  by  that  process  no  sulphuret 
of  potassium  is  formed. 

We  will  allow  a  supporter  of  the  new  doctrine  to  affirm  tlat 
whenever  chlorine  of  potassium  is  dissolved  in  water,  muiiaIeof> 
potash  is  always  formed,  but  which  by  the  act  of  crystallization  ii 
again  converted  into  chloride  of  potassium.  As  chlorine  has  ■ 
stronger  affinity  for  hydrogen  than  tor  oxygen,  and  as  potassiuoi' 
decomposes  water  with  an  elevation  of  temperature,  it  is  obvioui 
that  when  hydrogen  combines  with  chlorine,  and  oxygen  with 
potassium,  an  ele\-ation  of  temperature  must  be  produced.  If  f^ 
take  a  quantity  of  chloride  of  potassium,  4  oz.  for  eicample,  aii4 
putting  into  it  the  bulb  of  a  thermometer,  moisten  it  with  water  at 
the  same  temperature,  and  stir  the  moistened  mass  with  the  iheT' 
momeler,  we  shall  perceive  the  mercury  in  the  instrument  suddenly 
to  sink.  It  appears,  then,  that  a  diminution  of  temperature,  instead 
of  an  elevation,  takes  place,  just  as  when  the  same  espcriment  o 
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lade  with  nitrate  of  potash.  Chloride  of  potassium,  then^  com* 
lues  with  no  water  chemically,  the  liquid  acts  merely  as  a  solvent, 
id  cold  is  produced^  because  the  particles  of  the  chloride  are  sepa- 
rtcd  further  from  each  other  by  the  interposition  of  the  water.  Now 
i  io  this  case  merely  a  solution  takes  place,  without  any  evidence 
(.chemical  combinations,  I  do  not  think  it  consbtent  with  the 
rinciples  of  sound  chemical  philosophy  to  draw  conclusions  con- 
aiy  to  what  we  perceive  by  our  senses,  assisted  by  philosophical 
astruments. 

Thus  the  asserters  of  the  new  opinion  always  come  upon  conse- 
luences  which  are  inconsbtent  with  the  common  theory  of  che^ 
•istiy;  and,  therefore,  either  that  theory  or  the  new  doctrine  re- 
pecting  the  nature  of  muriatic  acid  must  be  inaccurate.  But  we 
hall  go  on  with  our  proofs. 

If  into  a  hot  concentrated  solution  of  muriate  of  potash  we  pour 
in  add  somewhat  weaker  than  muriatic  acid,  as  phosphoric  or 
menic  acid,  the  liquid  immediately  gives  evidence  of  the  presence 
9f  disengaged'  muriatic  acid.  In  this  case,  therefore,  according  to 
the  new  doctrine,  a  weaker  acid  has  produced  a  decomposition  of 
water,  by  means  of  which  the  potassium  has  left  the  chlorine  to 
combine  with  oxygen,  for  which  it  has  a  weaker  affinity,  and  form 
a  phosphate  or  an  arseniate.  In  this  case  the  chlorine  exhibits  a 
very  singular  appearance.  It  forms  a  stronger  acid  at  the  moment 
wken  it  is  separated  from  its  combination  with  the  base;  and 
akbough  this  new  acid  cannot  combine  with  the  potash,  it  is  yet 
capable  of  preventing  the  complete  saturation  of  the  phosphoric 
idd  with  the  potash.    Now  I  ask  again  is  this  chemical  logic  ? 

It  cannot  be  alleged  that  the  acid  properties  of  muriatic  acid  are 
only  apparent,  and  proceed  from  its  reducing  power,  and  its  uniting 
with  chlorine.  How  could  this  agree  with  the  greater  affinity  of 
hydrogen  to  chlorine  than  to  oxygen,  in  consequence  of  which  this 
acid  must  be  less  reducing  than  perhaps  any  other  hydrogen  acid. 
Pix)spbareted  and  arsenical  hydrogen  have  a  greater  reducing  power 
than  sulphureted  hydrogen,  yet  they  are  not  acids. 

While,  therefore,  the  new  doctrine,  when  compared  with  th« 
whole  of  chemistry  as  a  theoretical  science,  is  inconclusive,  and  in- 
consistent with  itself,  all  the  phenomena,  when  viewed  according  to 
the  old  doctrine,  are  simple,  consbtent,  and  more  than  probable. 
This  doctrine  assuming  that  muriatic  acid  gas,  like  common  sul- 
phuric acid,  b  a  compound  of  anhydrous  acid  with  a  quantity  of 
water,  which  answers  the  purpose  of  a  base.  This  anhydrous  acid 
can  unite  with  the  different  salifiable  bases,  and  form  salts  capable 
of  exbting  either  with  or  without  chemically  combined  water. 
Therefore  muriate  of  potash  as  well  as  nitrate  of  potash,  and  muriate 
of  lead  as  well  as  nitrate  of  lead,  are  salts. 

9.  Considerations  on  neiUraly  simple^  4  Muriates. 

The  embarrassment  into  which  the  sufqM  "'^w  doctrine 

^  thrown  when  tbey  speak  of  muriates  m  *'S(t) 
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neither  Bgive  wiih  eocli  oilier,  nor  whh  themaelvrs,  about  wIm* 
cnKkter  as  muriaTes,  wlial  cli!orfde$.     In  featiiy  they  are 
peint  out  with  aceuriicv  any  otiter  muriates  except   those 
CMinol  be  oblnined  tree  from  water,  as  muriate  of  aminonia,  r 
«f  magnesia,  mnriate  of  alumina,  and  some  other  combinailoM 
iDnriitiie  acid  nitk  earths  aod  oudes  which  lose  their  acid 
exposed  to  beat.    That  sal-smmoniac  is  a  compound  of 
Rcid  and  atnDioiiiu  is  evident  froBi  tbis,  that  it  cannot  be  ofataii 
free  Troin  water,  any  more  llian  any  otiier  neutral  simple  amoKMiM 
salt.     When  oxymuFiarie  aeW  gas  is  mixed  with  amnKxiiac^gi 
the  re^isite  quantity  of  watif  is  obtained  by  the  dccompoeiciei^ 
part  of  ihe  iinMHOfiia  at  the  e^tpenae  of  the  oxyniurialic  acid.  WIm 
«nmoiiiiica1  gas  ia  mi.sed  mih  muriatic  add  ^as,  tli«  sail  abaortwi 
the  wilier  in  the  muriutic  acid  gas  which  Ixcoovcs  the  water  of  o] 
talltKation  of  the  sat-ammotrMe.     Accordiog  to  tlie  new  dectrii 
the  chkwiHe  gas  decomposes  the  ammoniacal  gas  in  consetjMMClrj 
the  airily  of  chlorine  for  hydrogen,  and  the  muriatic  acid  IcmMjl 
coE»Ufles  with  I  he- undeconipoeed  ammonia,  snd  forms  aflby^M 
sal-anHiioniaG.  If  tlih  be  trae,  a  very  estraordinary  anomsly  occiHf 
nuriate  of  ammoiiiH,  fhiatc  of  ammonia,  and  hydriodatc  of  ainmoMI^ 
sre  the  oiiLy  ammoniacal  salts  which  contain   no  water;  while  dj 
other  Fkeuiral  compoimds  of  undispu^d  actda  with  amiROBia  cOAtU 
water  of  crystal lizaiion,  and  cehnioi  be  obtained  without  it, 

Aa  ILnglish  chemist,  who  considered  the  otd  doctrine  as  prafcf^ 
able  to  the  new,  endeavoured  Co  denwnsirate  the  inaccuracy  of  tlw 
ktier  in  this  manner.  Dry  ammoniacal  gas  was  miiied  with  At 
muriatic  acid  gas,  and  the  neutral  salt  thwi  olttained  geirtfy  tieatMl 
Water  was  obtained,  whieb  he  considered  aa  the  former  basis  of  the 
SMriatic  acid.  Rat  such  a  retult  agrees  as  little  witlt  theone  d(W> 
tFiDea«t)ie  other.  It  is  easy  to  cooc'cive,  whatever  opinian  m 
aAipi,  that  the  water  obtained  might  be  owing  to  moisture  wMci 
had  unavuiEtebfy  obtruded  itself.  This  supporter  of  the  old  doctriat 
ihowed  by  this  attempt  that  he  was  not  quite  niaster  of  thecme. 
His  opinions  were  opposed  by  soire  pretty  eminent  supporters  of  the 
new  ftOetrine,  and  they  served,  as  might  have  been  enpeeted,  eiilf 
to  spread  the  new  doctrine  wider. 

Muriates  of  m»gt>esi»,  alumina,  i-irconia,  &c.  afe  likewise  eoosi- 
dereft  »  true  inuriates,  becanse  they  all,  wlien  heated,  grve  aet 
SNcriatic  add,  »im1  the  earth  rerHains  behind  in  a  state  of  pwiiy.  h 
would  Witve  been  too  absurd  to  have  sopposed  that  Ihe  bases  of  id* 
acid  and  of  liie  earth  were  acidified  and  basitied  nt  tlic  mslaBtof 
^compels  it  ion.  Of  these,  muriate  of  magnesia  alotw  caiy  he  MB- 
ndered  as  a  chloride  of  ndagtiesium.  It  is  foimed  whet>  chlorine  ii 
passed  ovrp  red-hot  ina^itesia,  while  at  the  sanw  time  the  anygeo  sf 
the  earth  is  disengaged.  Wftter  instantly  deeoaiposes  (fets  compouD^ 
and  converts  it  into  muriate  of  magnesia,  which  cannot  be  con- 
verted into  chloride  of  magnesium  by  ei-aporation. 

Here  we  ask  why  the  mwiates  are  confined  to  a  small  pmnbcr, 
Msd  to  feeble  bases,  aavl  why  n«ae  «£  these,  except  magnesia,  forw 
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ride?  Notlting  is  more  nsiDral  (tiaa  to  expect  s  difference 
:q  the  chlorides  and  tnurUles  aiiHli^ou!'  to  that  which  exitiCi 
A  Eutphnrec  of  potassium  and  hydru-sutphuret  of  |Kit»sh  ;  for 
lange  of  ihe  metal  into  an  osidtf,  and  of  Uie  dilorine  into  an 
■muo.  sorely  produce  some  notable  nheratiun  in  the  physical 
;tera.  So  far  from  this  being  the  case,  we  can  perceive  no 
diflerence  between  the  bodies  called  chlorides  and  muriates, 
ing  to  the  new  doctrine,  than  whsrt  exists  between  salts  con- 
and  salts  destitute  of,  water  of  crystallizatitw.  £very 
exhibits  the  properties  of  a  salt,  as  well  as  the  muriates; 
le  cbk)ride  of  potassium  bears  the  .'^ame  iielation  to  muriate  tX. 
IS  as  the  Gulphate  of  potash  does  to  tlie  Eulphate  of  alumina, 
lite  evident,  then,  when  we  take  a  general  view  of  the  sub- 
that  the  chlorides  and  muriates  belong  to  the  same  genus  of 
S  and  of  consequence  that  ttiey  are  all  salts,  just  as  much  SB 
ilplmtes,  nitrates,  &c.  Now  this  is  the  doctrine  which  the  oU 
has  SD  long  taught. 
"  muriates  have  liie  property  of  comhining  with  each  other, 
^  triple  ^Its.  Thus  sal-animoDiac  combines  with  mu- 
platinum,  muriate  of  copper,  &c.  The  first  of  these  triple 
tins  jast  as  much  water  rs  belongs  to  the  sal-ammoniac 
This  compound,  therefore,  according  to  the  new  doo- 
cannot  be  a  triple  salt,  but  a  peculiar  ciimpound  of  sal-am- 
ic  (without  water)  and  chloride  of  platinum.  The  triple  salt, 
taeA  of  sal-ammoniac  and  muriate  of  copper,  contains  more 
of  crystallization  ;  and,  tlicrefore,  according  to  ihe  new  doc- 
a  real  triple  salt  or  muriate.  Now  (  ask  which  of  tlie  doo- 
most  correct ;  the  old,  which  considers  these  salts  as  triple 
nits,  with  more  or  less  water  of  crystallization  ;  or  the  new,  which 
coMiders  the  one  as  a  triple  salt,  and  the  otiier  as  a  compound  of  a 
peculiar  nature,  without  assigning  any  other  reason  for  the  difier" 
eace  iban  the  necessity  of  the  doctrine  ? 

Some  anhydrous  muriates  have  the  properly  of  uniting  with  am- 
iflDiiia,  and  forming  triple  subsalts,  which  retain  the  ammonia  witk 
to  much  the  greater  force  the  weaker  the  basii  of  the  muriate  is. 
This  i*  the  cose  with  anhydrous  moriate  of  lime  and  permuriate  <€ 
Un  {spirUus  Libavii).  Dlderent  sulphates  have  the  same  property^ 
Sulphate  of  copper,  for  example,  both  combined  with  water  aim 
anhydrous,  absorbs  ammoniacal  ga$,  assumes  a  blue  colour,  and  it 
CDDverted  into  a  triple  subsalt.  When  pulverized  sulphuret  of  tts 
is  mixed  with  20  times  its  weight  of  oxide  of  mercury,  and  all  ilie 
Mtcunr  ia  distilled  over;  or  when  tin  is  distilled  to  dryuesg  with 
•ulpburic  acid,  and  heated  to  redness,  anhydrous  sulphate  of  tin  !■ 
ubtaiiied,  which  absorbs  ammonia.  The  muriates  agree  in  thii 
■  Wspect  with  the  sulphates.  But  the  new  doctrine  is  very  far  from 
(Krcciving  this  agreement.  According  to  it,  chloride  of  potassium 
wA  chloride  of  tin  are  acids  of  a  peculiar  kind,  in  which  the  metal 
I    iitlie  base,  while  the  chlorine  acts  the  part  of  oxygen.  These  actds 
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are  capable  only  of  uniting  with  ammonia,  with  which  they  fon 
peculiar  ammoniacal  salts.  Such  extravagant  hypotheses,  founde 
entirely  upon  the  necessities  of  the  new  doctrine,  should  have  loi^ 
ago,  methinks,  have  raised  some  distrust  of  its  accuracy;  and 
must  suppose  that  those  who  have  supported  that  doctrine  have  no 
been  aware  of  the  facts  which  I  have  here  stated. 

10.  Suhnurtales. 

Muriatic  acid  forms  subsalts  with  various  bases,  in  which,  for  thi 
most  part,  the  acid  is  combined  with  four  times  as  much  base  as  ii 
the  neutral  salt,  just  as  in  subsulphates  the  acid  is  usually  combinei 
with  three  times  as  much  base  as  in  the  neutral  salts.  Most,  if  do 
all,  the  submuriates  contain  water  of  crystallization,  which  is  sepi> 
fated  from  the  salt  by  a  gentle  heat.  The  new  doctrine  considen 
the  subsalts  containing  water  as  true  submuriates ;  but  if  the  watof 
be  driven  off  by  heat,  the  residuum  is  considered  as  a  compound  of 
one  particle  of  chloride  with  three  particles  of  oxide ;  so  that,  a^ 
cording  to  the  new  doctrine,  the  chloride  can  combine  with  oxidesi 
and  likewise  with  carbonates  and  muriates.  But  if  the  new  doctrim 
should  be  brdught  to  deny  the  existence  gf  muriatic  acid  in  subma* 
nates  (which  is  very  possible  in  a  theory  in  which,  without  anjf 
regard  to  the  properties,  all  the  explanations  are  deduced  from  the 
theory),  in  that  case  these  bodies  would  be  considered  as  combim- 
tions  of  a  chloride  and  a  hydrous  oxide. 

But  what  way  soever  these  combinations  are  viewed  they  most 
always  obey  the  laws  of  chemical  mixtures.  In  this  point  of  view 
I  shall  examine  submuriate  of  lead  and  suhmuriate  of  coppery  both 
containing  water.  According  to  the  analyses  of  these  salts,  which 
I  consider  as  pretty  accurate,  they  are  so  composed  that  the  muriatic 
acid  is  combined  with  four  times  as  much  base  as  in  the  neutral 
salts,  and  the  metallic  oxide,  and  chemically  combined  water, 
contain  each  the  same  proportion  of  oxygen.  In  the  followiog 
tables  of  these  combinations  I  take  for  the  basis  of  the  weight  of 
each  atom  the  grounds  which  I  have  stated  in  my  treatise  On  the 
Cause  of  Chemical  Proportions ;  namely,  the  weight  of  oxygen, 
O  a=:  100;  base  of  muriatic  acid,  M  =  139-56;  lead,  Pb  :s 
2597'4;  copper,  Cu  =  806  45;  and  hydrogen,  H  =  6-636, 
Muriatic  acid,  oxide  of  lead,  and  oxide  of  copper,  contain  each  twc 
atoms  of  oxygen  and  one  atom  of  metal.  Water,  on  the  contrary 
contains  two  atoms  of  base  and  one  atom  of  oxygen.  According  t< 
the  new  doctrine,  the  weight  of  an  atom  of  chlorine,  Ch  =  435)'5' 
(that  is,  M  +  3  O  of  the  old  doctrine),  and  an  atom  of  muriati 
acid  (Ch  -f  2  H),  is  452*82  (according  to  the  old  doctrine,  M  C 
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Old  Doctrine. 


Muriatic  acid 
Oxide  of  lead 


Water 


f  M 
\20 
/2Pb 
14  0 
8H 
40 


{ 


139-561 
200'00/ 
5194-80 
400-00 
53-08 
400-00 


New  Doctrine^  «• 


Muriatic  acid 
(h\At  of  lead 


Water 


f     Ch 
\2  H 
f  2  Pb 
\4  O 
/G  H 
13  O 


439-561 

13-27/ 

5194-801 

400-OOJ 

39-811 

300-00/ 


=  ,339*56 

=  5594*80 

=:  453HNI 

6387*44 

=  452*8S 

s  5594*80 

r=  339*81 


New  Doctrine f  fi. 


Chlorine 
Lead 


Oxide  of  lead 


Water 


..  4.Pb    ., 

/  liPb  » 

\3  O    = 

/8  H    =       53-081 

\4  O    =     400-00/ 


3896 
300 


-101  _ 
-00/"" 


6387*44 

439*36 
J  298*70 

4196*10 
453-08 

6387*44 


'Muriatic  acid  ^  •  •  • . 
Oxide  of  copper  « • . 
Water 


B. — SCJBMURIATE  OF   COPPKB. 

Old   Doctrine, 

M  =  139*56 

2  O  =*  200-00 

2  Cu  =  1612-90 

4  O  =  400-00 

8  H  =  53-08 

4  O  =  400-00 


Muriatic  acid 


New  Doctrine^  a. 

/     Ch  =  439*561 

12  H    =  13-27/ 

rk    J      r           .            /2  Cu=  1612*901 

Oxide  of  copper   .•..•^40    =  400-OOJ 

r6  H   =  39-811 
t3  O    =  300*00/ 


Water 


339*56 

2012-90 

453*08 

if805*^4 

452-83 

2012-90 

339-81 
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New  Doctrine^  f. 


iCu 


Chlorine  •••••••••• 

Copper    •••.••••••. 

^  .,      c                     ?UCa  =  1209-675 

Oxide  of  copper ....  J  3^Q    ^  soo-OOO 

Water                          C«  H    =  53-080 

^^^^^^ MO    =  400-000 


=     4S9-560 
=     403-225 

:=i   1509-67S 
=     45S-080 

2805^54 


If  we  compare  these  tables  with  each  other,  we  perceive  tblt^ 
both  doctrines  correspond  so  &r  with  the  laws  of  ehemical  propo^] 
tions  that  each  body  is  composed  of  a  whole  number  o^  elemoitiif  j 
atoms ;  for  it  is  obvious  that  if  both  examples  under  0  be  doubted' 
the  broken  number  of  atoms  disappears. 

But  I  have  endeavoured  to  show  that  this  is  not  the  only'circiUH 
stance  which  concerns  the  doctrine  of  chemical  proportioas,  mi 
that  if  this  law  alone  constituted  the  whole  doctrine,  it  would  k 
scarcely  possible  to  establish  its  truth ;  for  too  great  a  number  rf 
combinaitions  would  be  possible,  and  the  difference  of  the  propertia 
of  the  substances  by  the  increase  of  the  number  of  single  atooi 
wouU  be  too  small  to  be  accurately  determined  by  analysis.:  Btf 
experiment  shews  that  (be  difference  between  possible  combinatioM 
of  two  oxides  is  very  ^reat^  as  we  see  is  the  case  here  between  the 
neutral  and  submvrittes  ahd  sulphates.  This  -difference  mtftt  haie 
a  cause — 9l  cause  which  is  explained  by  a  second  law  which  exists , 
between  the  combinations  of  oxidized  bodies.  This  law  is  as  foi-  i 
lows: — In  «  combmatmi  of  two  or  more  oxidized  bodies  the  oxygeB  , 
in  one  of  ike  oxides  is  a  multiple  by  a  whole  number  of  the  oxygen 
in  that  oxide  which  contains  the  smallest  quantity  of  oxygen,  I 
believe  that  the  great  number  of  experiments  and  analyses  which  I 
have  performed  on  the  different  combinations  of  oxidized  bodies,  in 
order  to  discover  and  establish  this  law,  prove  that  the  agree- 
ment of  experiment  with  the  rule  is  not  an  accidental  circumstance, 
but  demonstrates  the  univiersality  and  accuracy  of  tlie  law.  The 
combinations  of  the  salts  under  consideration  agree,  according  to 
the  old  doctrine,  with  this  law,  as  is  obvious  from  the  preceding 
tables ;  for  even  if  the  oxygen  of  the  muriatic  acid  be  considered  as 
problematical,  still  the  proportions  of  oxygen  in  the  metallic  oxides 
and  water,  concerning  which  there  is  no  dispute,  are  equal,  and 
therefore  correspondent  with  the  law. 

But  the  contrary  takes  place  when  we  follow  the  new  doctrine. 
The  metallic  oxide  either  contains  400  parts,  and  the  wtlter  SOO 
parts,  of  oxygen ;  or  the  oxide  300  parts,  and  the  water  400  partk 
But  400  is  not  a  imikiple  by  .a  whole  number  of  300  ;  and  chorine, 
when  we  consider  it  as  a  simple  substance,  cannot  contain  av^ 
oxygen.  It  follows,  therefore,  that  the  combinations  of  the  aqueous 
suhmuriates,  when  viewed  accojA'mg  \.o  \!«cve.v\Kw  docVdne^  do  not 
ao^ree  with  ilic  law  which  vegulaxes  vW  Qonj^AtyaX^vx^  oi  Qxvi&udS 
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Jjfi^ief.    ffi/ejxfsa;^  ^tfapr  th^  .oenr  (|;K^l:iDe  or  that  ^w  DQU^  hf 

«»«««». 

Tbe  ^i)mx«t|er  of  t^  new  doctrine,  .thf^efq^,  in  order  .to  {ivoi^ 
4e  coiiiplete  r^futatiob  of  h^s  Of/iaiaoa,  n^ust  tiffirm  that  this  ^w  j^ 
maecutr^br,  But  i^ts  inpccurocy  ca^i^be  demonstriued  do  other  way 
jApp  ^^^roducin^  .e^fut^es  oif  combinations  of  oxides,  .the  propor- 
^fDU  ^whose  oxvg^  a  knpwn,  and  in  .wltich  the  quantity  (^ 
mjgpai  ui,the  one  is  not  a  multiple  b^  a  whole  number  of  that  la 
^  t^ifif-  That  no  such  e^mjile  has  hitherto  been  produced  by 
i^  jlu^MMter  (tf  the  new  doctrine,  it  is  scarcely  nece^aiy  to  .otep.- 
((fjD ;  ^i&d  (Dy  experuneots  on  azote  ana  ammonia  deaerve,  X,WPr 
^*e,  so  n^uch  mnndenqe,  that  no  nitrate  io  ,which  the  azote  is 
fgi^Uend  as  a  tiisple  substance  caa  be  brought  forward  as  a/f 

BMtl^pIp-  ' 

^0  state  ,the  ipattcr  as  Sir  Jfjumphry  Ppvy  h^s  done  when  h# 
m-^"  ^ro(e^sqr  Beiz^JiHS  lias  lately  adduced  some  arguments, 
jjoiicii  bie  C9nc(^ves  are  in  favour  of  chlbrine  beio^  a  coispound  of 
t^f^  JKB^  the  hivB  of  definite  proportions ;  but  I  cannot  regard 
vine  argument  n  possessing  any  weight.  By  transferring  the  de^ 
Isite  prqwrtioas  of  oxygen  to  the  metals,  which  he  has  ^ven  to 
l^JonQp,  the  explanatjqn  becomes  a  simple  expression  of  facts  | 
.  Qria  there  u  m  general  canon  with  respect  to  the  muUiples  o^  t!^ 
■■fp^orllom  in  which  differevi  bodies  combine."  This  1  cpll  attempt- 
ing Co  decide  tlie  question  by  superiority  of  reputation.  But,  whil^ 
||h:l^]owledg(.'  superiority  with  respect,  1  shall  never  cease  to  oppose 
^withthe  forceof  tcieittlfic argumi^nts. 

Vtoat  what  has  been  stated,  it  is  obvious  that  the  new  ilocbinf 
ijSDec^ng  the  nature  of  ^uriatic  acid  is  inconsisteiit  with  t^c  law 
jpgjCd^pg  thfi  comb^iation  of  oxidized  bodies ;  that  both  cannot  ^ 
tf|e.iaBie  .time  be  true-  1  leave  it  to  :the  supporteis  of  the  new  dpc^ 
fete;JopM[)t  oiit  the  inaccuracy  of  the  above  stated  law,  observipj; 
oujr  iQ  .passing  ijhat  whoever  embraces  both  xof^t  not  veiltiw'  (p 
^^foF the rf;put^tion of  achetuical  j^ilosqph^. 

{To  it  cwifiniwLJ 


Aitnctf  yi. 

Sketdt  of  Mr.  Howards  Nfw  Process fy-  refitnpg  Sjfgfo-. 
By  "ntomas  Thbii^9a,  M.P.  F.tUS. 

-  IcoitrainEB  thispn^essas  by  {rt  the  greatest  ia^rav,eii;i$Qtwhi(^ 
Wtwen  made  in  sugar-refiniog  since  it  began|to  be'practiaed  \j^ 
4ff  .im>ntnr.  It  will  enable  the  jnaiufiictu^  to  pKjdi^'ie  a  greater 
MuAvfd  4oaf  sug^,  and  of  better  quality,  from  i^vv  ^ugar,  ^tiian 
■Nhi^erto  been  done.    It  wfll,  the^jiiEw^  uXtiaajt^ly  x^^^ 

Voi^vm.  K»  iiL    '        b  — 
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price  of  that  article.  I  shall  here  merely  give  such  a  general  vieir  J 
of  the  processes  as  will  be  intelligible  to  the  chemical  reader^  witb^  1 
out  entering  into  the  minutiae,  which  can  only  be  learned  by  in- 
specting the  manufactory  itself,  and  by  reading  the  ipecificationsd 
Mr.  Howard's  two  patents,  both  of  which  have  been  published.    ' 

1.  The  raw  sugar  is  mixed  with  a  little  water,  and  heated  bo'f 
flat  copper  steam-bath.  It  is  then  put  into  clay  pots,  and  tb£ 
treacle  allowed  to  run  ofF.  To  wash  it  out  more  completely,  a  aitii^' 
rated  syrup  is  poured  upon  the  sugar  in  the  clay  pots.  The  tr^adi 
thus  separated  amounts  to  about  10  lb.  for  every  1  cwt.  of  sugar. 
Common  3ugar-bakers  separate  about  30  lb.  from  the  same  quantity. 

2.  The  sugar  thus  freed  from  treacle  is  dissolved  in  water  by 
means  of  steam,  having  been  previously  mixed  with  a  quantity  ojf 
finings.  The  finings  used  are  composed  of  alum  dissolved  in  watcTi 
and  mixed  with  as  much  quick-lime  as  will  completely  saturate  the 
excess  of  acid  in  the  alum,  and  no  more ;  so  that  the  white  powder 

-  obtained  shall  produce  no  change  in  the  colour  of  paper  stained 
with  turmeric.  Two  pounds  of  alum  are  employed  for  every  i  cwt. 
of  sugar. 

3.  The  solution  of  sugar,  while  still  hot,  is  let  into  a  filtering 
vessel,  in  order  to  separate  the  impurities  by  filtration.    When  the 

^  syrup  passes  into  the  filtering  vessel,  it  is  black  and  opake.  B^it 
after  filtration  it  is  transparent,  and  of  an  amber  colour.  The  filter 
is  one  of  the  most  ingenious  parts  of  the  manufactory.  It  consists  of 
strong  Russia  canvas  fixed  firmly  on  a  thin  copper  ^rame,  with  holel' 
at  the  bottom.  There  are  50  of  these  in  the  filtering  vessel,  because 
rapid  filtration  is  necessary. 

4.  From  the  filtering  vessel  the  syrup  passes  into  the  boilers, 
where  it  is  to  be  boiled  down  to  the  requisite  degree  of  concentra- 
tion. In  the  ordinary  way  of  boiling  syrup,  the  temperature  is  so 
high  that  a  considerable  portion  of  the  sugar  is  converted  into 
treacle.  Mr.  Howard's  vessels  are  globular,  and  of  copper,  and 
connected  with  an  air-pump,  which  is  wrought  during  the  whole 
time  that  the  boiling  goes  on.  The  consequence  is,  that  a  vacuum  ' 
is  formed  within  the  boilers.  This  enables  the  boiling  to  take  place 
at  temperatures  so  low,  that  there  is  no  risk  of  destroying  any  of 
the  sugar.  The  vacuum  is  such  as  to  support  a  column  of  mercury 
from  one  inch  to  four  inches  in  height.     There  is  a  thermometer 

'  attached  to  each  boiler,  and  likewise  a  mercurial  guage,  to  give  the 
degree  of  rarefaction.  From  inspecting  these  two,  and  comparing 
them,  it  is  easy  to  know  when  the  boiling  has  been  carried  far 
enough.  But  each  boiler  is  provided  with  a  very  ingenious  con- 
trivance for  taking  out  samples,  in  order  to  judge,  in  the  usual  way, 
by  the  viscidity  of  the  syrup,  whether  it  be  sufliciently  concen-* 
trated. 

5.  The  concentrated  syrup  is  let  down  into  an  open  copper  vessd 
in  order  to  granulate.  This  is  accomplished  by  raising  its  tempera* 
ture  bjr  means  of  steam  to  180°,  and  then  letting  it  cool  to  150®.    ' 
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6.  From  the  granulating  vessel  it  is  poured  into  clay  moulds  of 
tlie  osnal  size  for  loaves.  When  cold,  the  liquid  syrup  is  allowed 
to  run  out^  and  afterwards  saturated  syrup  is  poured  upon  the  bottom 
cf  the  loaf.  By  this  means  almost  the  whole  of  the  yellow-coluured 
wam-iM  driven  out  of  the  loaf.  A  little  only  remains  at  the  apex  of 
the  loafy  which  is  left  longer  than  usual  on  purpose.  This  portion 
iicot  off  by  turning  the  point  of  the  loaf  upon  a  kind  of  lathe  in- 
Tented  for  the  purpose.    The  loaf  is  then  fit  for  sale. 


Article   VIL 


A  Plan  far  an  invariable  Standard  of  Measure^  under  the  same 
Parallel  of  Latitude.    By  Col.  Beaufoy. 

(To    Dr.    Thomson.) 

MT  DEAR  SIR,  Bmhey  Heathy  July  22,  1816. 

The  equalization  of  weights  and  measures  engaging  at  present 
Ae attention  of  Parliament;  and  the  most  certain  method  for  de- 
tomining  the  length  of  any  given  measure  heing  yet  undecided,  1 
htg  to  trouble  you  with  a  scheme  which  perhaps  may  have  the 
Berit  of  inducing  others  to  improve  on  the  idea.  Let  a  horizontal 
wheel  200  inches  in  circumference  be  divided  into  inches,  tenths, 
ind  half-tenths  of  inches.  This  wheel  makes  one  revolution  in  a 
Mcond,  each  division  representing  the  ^^  part  of  a  second ;  and 
bf  means  of  a  vernier  similar  to  those  used  in  reading  off  the  divi* 
■ODs  in  barometers  constructed  for  measuring  the  altitudes  of  moun- 
tUDs;  each  division  of  ^i?  ^^ris  may  be  reduced  to  the  small 
fantity  of  1000 ;  consequently  the  lOOOtb  part  of  a  second  may  be 
neaiured  by  this  revolving  wheel.  Let  the  axis  of  this  wheel  mea- 
lore  rather  more  than  16  feet  from  the  upper  side  of  the  wheel;  at 
vUch  dbtance,  perpendicular  to  the  axis,  and  parallel  to  the  plane. 
tf  the  wheel,  let  an  arm  project,  to  which  nx  a  knife,  the  total 
kogth  of  the  arm  and  knife  somewhat  exceeding  the  radius  of  the 
wel;  and  the  edge  of  the  knife  must  be  adjusted  by  a  plummet 
lobe  exactly  over  zero;  slightly  touching  the  wheel  over  zero,  place 
I  QDall  hammer,  with  a  pencil  or  point  fixed  in  it,  for  the  purpose 
tf  making  a  mark  on  the  wheel.  Immediately  over  zero  suspend  a 
Ull  by  a  fine  wire  attached  to  the  frame  of  the  machine ;  the  under 
lide  of  the  ball  should  hang  exactly  16  feet  above  the  hammer  on 
4e  wheel.  The  wheel,  by  revolvmg,  will  cause  the  knife  to  cut 
fte  wire ;  the  ball  falling  on  the  hammer,  the  pencil  or  point  will 
»ark  on  the  wheel  the  number  of  divisions  that  have  passed  from 
.die  oommencement  of  the  ball's  falling;  and  by  the  vernier  may  be 
•Mertained  the  time  the  ball  falls  the  16000th  part  of  o<  ^u 

^  nppoaition  that  the  length  of  one  foot  is  the  obji  \ 
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That  the  agitation  of  the  air  caused  by  the  arm  may  not  affi 
1^11,  it  is  suEpeotied  iu  a  cylindricttl  cup  witlj  a  hole  gg 
.through  the  top  for  the  wire  to  pass ;  and,  the  knife  fixed,  ^ 
.^ill  divide  the  wire,  and  the  ball  fall  unaBected  by  t^e  wind, 
barometer  and  the  thermometer  dioiild  he  at  a  certain  lietght  w 
jtliesc  experiments  are  made,  that  the  resistance  of  the  aiV  to  fl 
ffilling  body  may  be  always  the  same.  Tlie  precise  yetocily  of  9 
wheel  may  be  accurately  measured  by  making  the  arm  strike  a  bi 
every  revolution,  and  increasing  or  decreasing  the  velocity  of  tni 
wlieel  by  adding  or  diminishing  the  weights  that  give  the  rotator^ 
motion  to  the  wheel  until  the  striking  of  tlie  bell  coincides  with  A 
beat  of  a  clock  whose  pendulum  vibrates  seconds ;  and  they  can  \t 
made  to  agree  within  the  50th  part  of  a  second  ;  for  by  attendint, 
lo  the  beating  of  two  clocks  in  my  observatory,  one  of  which  kepil 
siderial,  and  the  other  mean  time,  and  noting  the  minute  andl 
second  when  they  coincided  in  beat,  and  tlien  waitbg  until  a  second 
time  tjie  two  clocks  beat  together,  and  calculating  from  the  known  I 
late  of  the  two  clocks  what  was  the  real  space  of  time  elapsed  be-  j 
twecD  tJie  first  and  second  coincidence  of  heat,  I  found  the  eir 
jKOU.li^  determine  to  the  50th  part  of  a  sccopd.  Therefore  if  the  I 
wj^el  ma}ces20  revolutions,  the  error  of  one  revolution  will  amouQlj 
to  no  more  thsn  the  lopcitli  pact  of  a  second.  If  the  wheel  tt  j 
^c^g  in  acquiring  ^  uniform  velocity,  let  four  pieces  of  thin  mc^ 
^e  plaqed  under  the  lower  ^ide  of  the  wheel,  which,  by  resisting  ih* ' 
a^fj  will  sooner  ^^ducc  ^  uniform  motion.'  When  the  motion  ii 
Eiscertaii^ed  to  be  regular,  tlie  wire  suspending  the  ball,  that  befoi^ 
»as  kept  clear,  myst.bc  ,bro^ight  in  contact  with  the  edge  pf  tli* 
knife,  )^  raaking  the  wire  and  tl|e  cylindrical  cup,  by  means  of  » 
BJiill-headed  screw,  slide  ii^  a  grqove  projecting  from  the  framewotk 
of  ijie  aop^i;atus ;  the  screw  will  render  the  sliding  motion  stnoolh 
ynd  rtigujar.  l"his  machine  shows  tl^c  length  the  ball  fails  j  1(!  feet. 
The  wheel  revolving  once  in  a  second  shows  the  time  in  parts  of  a 
second  l^e  ball  lakes  in  descending,  w^icli  iii  the  same  parallel  ot 
latitude  will  not  differ  sensibly.  It  is  evident  if  the  ball  took  one 
Second  to  descend,  It  would  mark  on  zero  ;  b,^t,  if  less  time,  tlie 
mark  w;lU  be  made  at  some  ijotcrmediate  division;  suppose  at  i932 
inches.  Tben  as  200  indies  :  1"  ;;  199  i  inches  :  099^,  ^ 
^tliqe  the  bi\ll  took  in  falling.  Consecmcntly  tlie  distance  s  ball  of 
jCeiiain  dii^cnsions  Jails  in  web  a  time  U  an  invariable  standard '(f 
JD^easure.  Tlie  whee^  oiay  ^^  larger  or  smaller,  jind  the  bnHUinig 
jt  any  height. 

The' simplest  method  of  giving  motion  to  the  wl^ecl  is  by  wjiidutf 
Xwo  strings  in  contrary  directions  round  the  a^xis,  and  passiqg  t^e'(| 
(Over  two  pulleys,  and  then  attaching  the  >v.eights,to  giyp  ihe  teiiiiir 
^ite  veWityj  but  as  the  motive  powers  will  be  iticreased  by  the 
.uu^vinding  of  the  string?,  two  other  strings  of  the  same  size  as  these 
jvound  round  the  axis  must  be  hung  beneath  the  weights,  of  suftT- 
deot  length  to  touch  the  ground  whca  the  n;ejg^hts  fti;e  jvouj  ' 


V/ 
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B]  uniier  tht  tame  Pdri^V of  LaiU^e. 

fce  slrings,  by  shortening  in  tlie  same  proportion  as  the  orfieira 
Btlie")  prevent  any  increase  of  weight  and  acceleration  of  t£e 

I  remain,  my  dear  Sir,  very  truly  yoiirs, 

Mabk  Bkaofov. 


Article  VIIL 
tt/osion  of  Coal  Gas  in  a  Ship.    By  J.  H.  H.  Holmes^  £59, 
(%  Dr.  ThomsoD.) 
DEAR  SIR,  Blihipmlarmmitli,  Jug.  4,  1910. 

_^  It  is  a  singular,  and  ratlier  a  melancholy  circumstance,  that  thts 
neighbourhood  should  be  so  frequently  furnished  with  catastrophes 
from  the  explosion  of  coal  gas ;  sometim?3  occurring  in  coal-miDe^ 
and  carrying  destruction  befoie  it ;  and  at  other  times  breaking  out 
where  the  phenomenon  could  not  be  anticipated,  and  where  precsii- 
lion  h  tnactivL',  iiecause  danger  is  not  supposed  to  exist- 
In  your  Aiinals,  vol.  viii.  p.  7->  'ni  interesting  account  Is  given 
ty  Dr.  PembenoD,  of  this  place,  relative  to  an  cNplosion  which 
occurred  on  board  a  bri^'ntine  lying  in  Sunderland  harbour;  and  it'  I 
was  very  justly  prcsuuied  that  it  was  occasioned  by  the  light  of  a 
caadle  coming  m  contact  with  m  quantity  of  foul  air  confined  be-  J 
tffcen  the  declts  of  the  vewcl,  owing  to  the  hatches  being  closely  ! 
fastened  down,  and  covered  with  a  tarpaulin.  I 

A  circumstance  so  singular  not  having  happened  for  a  greS^  1 
length  of  lime,  it  was  not  readily  attributed  to  the  mere  effect  of  | 
iiydrogen  gas,  but  was  supposed  by  many  to  have  been  occasioned 
by  the  accidental  explosion  of  some  gunpowder. 

The  learned  Doctor,  however,  seems  to  have  been  very  correct 
In  his  ideas  upon  the  subject,  and  to  have  attributed  it  to  the  right 
cause,  as  having  arisen  from  the  inflammation  and  explosion  of  caif- 
Ijureted  hydrogen,  in  combination  with  atmospheric  air.  Froih' 
some  conversation  I  have  had  with  the  owner  of  that  brig,  it  appears 
that  the  surface  of  the  coals  between  the  main  deck  and  the  cabli 
tier  tinder  the  forecastle  were  much  burnt,  or  elimred.  This  must 
have  arisen  from  the  gas  burning  merely  under  the  effect  of  infiam- 
matlon,  until  it  reached  the  cable  tier,  where  a  larger  quanthy  was 
accumulated,  and  mixed  with  atmospheric  air;  that  it  was  produced 
by  the  ignition  of  foul  air  cannot  now  be  disputed,  as,  I  am  sorrj 
to  tay,  a  more  distressing  accident  of  a  similar  nature  has  just 
occurred. 
About  eleven  o'clock  last  night  the  brig  Flora,  l*jS  tons,  be'"" 

ing  tp Davrson,  Esq.  blew  up  nearly  in  the  same  sicuat 

the  former  vessel,  and  laden  with  coals  from  Ne^ham"^  M%\^ 
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had  taken  in  her  lading,  battened  down  her  hatches,  and  wai  jiMt 
ipreparing  to  weigh  for  sea,  with  the  tide  then  nearly  at  the  flow.  A 
boy  having  occasion  to  go  below,  the  fore  or  skuttle  hatch 
opened,  which  must  have  let  out  the  gas  confined  below  to 
extent,  for  another  boy  coming  along  the  deck  to  the  fore  part  rf 
the  vessel  with  a  lighted  candle  in  his  hand,  observed  a  yellowiik 
circle  playing  round  the  flame  for  some  time  before  he  reached  thi 
fore  chains ;  in  a  few  seconds  the  phenomenon  increased^  and  he    ] 
immediately  threw  the  candle  overboard.  ^ 

It  does  not  appear  that  ignition  was  communicated  to  the  foul  tir 
by  this  light,  though  it  probably  would  have  been  had  the  boy  pro- 
ceeded any  further.  The  most  probable  source  from  whence  the 
explosion  originated  is  from  a  decomposition  of  the  pyrites  contaioei 
in  the  coal,  and  which  frequentlv  produces  spontaneous  fire;  The 
boy  who  was  below  says  that  a  blue  flame  ran  upwards  from  the 
coal,  in  a  serpentine  direction,  immediately  before. the  explosion 
took  place. 

I  went  on  board  this  morning,  with  young  Mr.  Davison,  nephew 
to  the  owner,  and  examined  the  injury  sustained  through  this  extra- 
ordinary circumstance.  At  the  time  it  happened,  there  were  only 
three  boys  forward,  the  remainder  of  the  crew  being  abaft.  The 
boy  who  carried  the  light  was  driven  a  considerable  distance,  and 
very  much  hurt ;  another,  who  stood  on  the  forecastle,  was  blowB 
overboard ;  and  the  boy  who  went  below  was  much  bruised,  though 
less  hurt  than  either  of  the  others.  All  the  deck  above  the  cable 
tier  is  completely  blown  to  pieces  ;  three  of  the  beams  sprung,  aiid 
one  broke ;  the  windlass,  which  is  extremely  heavy,  was  driven 
from  its  position,  the  bits  tore  up,  and  some  of  the  blocks  in  the 
rigging  split  completely  in  two  by  splinters  of  plank.  The  windlass 
mi!  t  have  been  forced  three  feet  upwards,  as  the  bolts  were  com- 
pletely drawn,  and  the  pauls  were  found  quite  erect,  with  the  nail  . 
heiids  of  the  ironwork  forced  into  the  cross  bar  above.  Two  anchors  t 
lying  on  each  side,  starboard  and  larlx)ard,  of  the  forecastle,  were  t 
blovvu  overboard,  and  sonie  pieces  of  plank  drifted  through  the  } 
rigging  over  the  stern  of  the  vessel.  The  report  was  heard  to  a  | 
grea^  distance ;  and  many  of  the  inhabitants  imagined  it  to  proceed  \ 
from  the  shock  of  an  earthquake.  It  will  readily  be  seen  how  . : 
serioujly  these  accidents  are  fraught  with  danger,  and  how  soon  a  * 
ship  and  Ler  crew  might  be  consigned  to  the  waves,  should  an  ex- 
plosion occur  when  at  sea  in  a  gale  of  wind.  It  is,  therefore,  ex- 
tremely desirable  that  explosions  in  this  way  should  be  remedied. 

The  Nesham  Main  coals  are  brought  directly  from  the  pit,  by 
means  of  a  waggon  way,  and  are  consequently  but  little  exposed  to 
the  air  compared  with  others  which  come  down  the  river  in  keels; 
and  when  the  main  deck  between  the  after  ladder  and  the  fore 
hatch  is  completely  filled  with  coals,  there  can  be  no  ventilating 
current  whatever  pass  along  between  the  decks;  consequently  the 
gas  is  left  quietly  to  accumulate  in  the  vacant  parts,  and  particularly 
^'here  tjie  cable  is  coiled.  This  I  tVivpik  \a\^X\i^  i^\aRSisA^  la^ing^ 
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t  hp\  or  air  trough  of  about  10  inches  square  on  the  deck  un4er  the 
coalf ,  and  carryiug  it  from  the  after  batchy  so  as  to  open  in  the  fore 
part  of  the  vessel,  where  no  coals  are  laid.  The  natural  warmth 
produced  by  the  gaseous  quality  of  the  coal  would  in  some  measure 
iirify  this  trough;  and  by  this  means  a  current  of  atmospheric 
tir  would  pass  through,  and,  by  having  the  fore  hatch.occasionally 
lifted  up,  would  drive  off  the  foul  air.  The  danger  would  also  be 
obviated,  if  the  hatches  were  left  open  (in  dry  weather)  for  a  few 
days  after  the  ships  are  laden,  as  by  that  time  the  moisture  produced 
by  decomposition  would  evaporate,  and  being  supplied  with  a  vent, 
the  carbureted  hydrogen  would,  from  its  specific  lightness,  ascend 
into  the  atmosphere.  I  consider  this  as  a  great  proof  of  the  superior 
i|aality  of  the  ceals  from  Nesham's  Alain  ;  at  the  same  time  I  wish 
to  suggest  the  propriety  of  great  caution,  both  in  working  the  mine^ 
tad  in  the  management  of  cargoes  of  them  on  board  a  ship. 

I  am,  dear  Sir,  yours  very  truly, 

J.  H.  H.  Holmes. 
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Article  IX. 
Analyses  of  Books. 


.  The  ITransactiom  of  tlie  Linncean  Society  of  London^  Vol.  XI. 
hull.  1816. 

TTiis  half  volume  contains  22  papers,  of  which  10  relate  to 
lodogy,  10  to  botany,  and  two  to  mineralogy. 

For  the  following  account  of  the  zoological  papers  contained  in 
the  11th  Volume  of  the  Transactions  of  ithe  Linnsean  Society  I  am 
bdebted  to  a  friend. 

Mammalia. — In  p.  161  a  new  species  of  cricitus  from  Trinidad 
is  described  by  Mr.  I.  V.  Thompson  under  the  title  mris  avomalus, 
ta  admirable  name,  since  the  author  has  '^  some  doubts  "  whether 
it  should  not  rather  be  referred  to  the  genus  hystrtx !  an  animal 
pamed  mus  castorides  by  the  Rev.  E.  I.  Burrow.  The  description 
is  Yague;  and  as  there. is  no  figure,  we  cannot  determine  whether 
this  be  a  new  species  or  not,  or  to  what  genus  it  should  be  referred. 

Aves. — Description,  by  Lieut.-Col.  Hardwicke,  of  corvus  leuco^ 
hpkuSf  a  new  species,  inhabiting  the  mountainous  forests  above 
Hardware,  and  living  together  in  flocks  consisting  of  from  20  to 
50.  "  Its  note  resembles  the  human  voice  in  loud  laughing." 
(P.  207.) — Some  observations  on  the  bill  of  the  toucan,  by  Dr. 
TniU,  who  considers  the  network  of  which  the  interior  of  the  bill 
is  formed  as  subservient  to  the  purposes  of  smell,  although  he 
assigos  no  reason  in  support  of  this  opinion. 
'  Pi«»^.— Notice,  by  Mr.  I.  Hoy^  respecting  trichiurus  Upturns  of 


Llhnz^ds,  titfo  specimens  of  whicli  were  found  on  die  sKt^^i^^H 
Moray-Frith,  and  had  iwt  before  been  observed  in  the  Briffllh^^| 

Gasteropoda,— Savtrai  rare  and  news|]ecic5  front  the  Xlevo^^H 
coast  are  described  by  Montagu. — Trilonia  papiiloHa  of  Iff^^| 
p.  16,  lab.  iv.  %.  3. — A  neW  speci'tis  of  Cuvier's  genus  ^^^| 
brancUs,  p.  185,  tab.  xii.  %.  3;  whidi,  with  several  dilJnH^H 
a'Dimri'Is,  is  placed  in  a  new  g^au»,  entitled  lamellaria.-^'t^^^ 
species,  named  iameliariii  lenlaculuta,  which  is  not'  referrible  j|^H 
gvnwi  that  has  hitherto  been  established.— -A  new  scyllcea,  id^^| 
fig-  ti.— Tliree  new  shells,  tab.  xiii.  fijB.  3,  4,  5.  .L^^l 

,  Ai:i-phala. — Figures  and  descriptions  of  terehralula  crtaSm^^^ 
Miiller,  and  dV  a  new  genus  of  shtlls,  the  tooth  of  which' is  O^H 
able,  tab.  xiii.  fi^.  1 .  '^^1 

Cirrliipedes. — Of  this  class'  two  species  are  figured  ana  desj^^H 
under  the  names  lepai  vtcmbTanacfa  and  lepas  ovrita.  ^^| 

Crustacea. — A  new  arrangement  of  these  animals  by  Dr.  U^H 
who  has  described  in  tliis  volume  several  new  species,  aaSoF 
pointed  out  the  cfaaraciers  of  some  genera  that  had  not  been  o(^ 
served  by  preoedinj;  writers.  The  number  of  his  genera  is  56,— 
Tab.  i,  represents  ateiecyclwi  helerodo/t,  and  pisa  gilittstlf  wlricjl 
were  first  described  by  Moutagu  under  the  names  cancer  seplem* 
dcnfatiis  and  Maculeatus.  Pha  is  synonymous  with  the  gemis 
arclopsis  of  Lamarck.  In  tab.  ii.  fig.  5,  an  interesting  crustaceoitt 
animal,  nebalia  lierbstii,  is  given  as  a  monoculas  ;  and  in  the  sa&W 
)AAc,  fig.  0,  the  genus  proto  occurs,  with  three  small  crustaces  Dot 
yet  referred  to  any  natural  genus,  viz.  figs.  2,  3,  7- 

jirackneides.* — Th^se  animals  are  distributed  into  five  orders 
and  '2'J  genera  by  Dr.  Leacb,  as  we  have  already  shown  in  a  forinef 
volume  of  the  Annals  ofPhilosophi/,  when  giving  an  account  of  the 
proceedings  of  the, binuffian  Society. 

AJyriapoda. — ^The  arrangement  of  this  class,  too,  which  wasfipt 
noticed  as  distinct  by  Dr.  lieaeb,  is  here  given  in  detail,  wi^  «• 
BcriptioDs  of  several  new  species.  (P.  376) 
.  Inseda. — A  mpnograph  on  the  genus  choleva,  by  W.  $pen«, 
Esq;  who  has  divided  it  into  the  following  sections:  1.  Antenna 
subShform;  thorax  witli  the  hinder  angles  obtuse.  2.  AnteoiUB 
clavate;  thorax  with  the  hinder  angles  acute;  elytra  generally 
obsoletely  striated.:  a.  Thorax  with  the  basal  margin  set  out  mm 
the  angles;  b.  Thoras  \\h\i  the  basal  margin  strait.  3.  Antenn* 
clavate;  thorax  with  the  hinder  angles  acute;  elytra  not  striated. 
Jn  this  paper  the  species  are  admirably  described;  but  in  t^e  M 
section  the  author  has  included  a  species  of  iliat  very  distinct  gepi»' 
Tmfleeckus  latr.  The  paper  js  preceded, by  some  acute  and  leaitRO 
general  entomological  observations.     (P.  12J.) 


ii.  fig.  i,  i?  given  B  chelifflroiis  animal  undt 
Tlie  njime  is  da  incorrecl  a|  iHe  ^vrt,  whjcl 
difi'eieDt  species'  of  nfiijwn,  botb  of  nbich  oi 
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I.  3S  b  given  Aa  essay  on  the  British  species  of  melne,  by  Dr*'  I 
,  v^hd  in  p.  242  ha'j  given  a  supplement,  in  which  he  hai  f 
Sribed  fix  exotic  species,  and  arranged  the  whole  into  the  follow- 
ing sections: — A.  Antenna;  in  both  seses,  filiform,  shorr,  thick  !;> 
a.  Antennie  with  their  tips  entire  :  1.  Thorax  quadrate :  2.  Thor^I 
on  each  side  produced:  i.  AntcnnKB  with  iheir  tips  nofcheiE  ■ 
B.  Antennae  in  both  sexes  filiform,  long,  and  slender.  C.  AnlennA  I 
(especially  of  the  male?)  tliicker  towards  their  tips:  a.  Thora'i  f 
short,  trausverse  :  b.  Thorax  elongate.  D.  Antenhte  (of  the  male;  I 
specially)  thicker  in  the  middle,  most  generally  broken  :  15  specie^! 
ire  described,  seven  of  which  are  British,  They  are  all  figured  ifi  f 
plates  6,  7,  and  18,  'J 

The  last,  and  by  far  the  most  interesting  entomological  comimi^  1 
nication,  is  on  a  new  order  of  insects,  hy  the  Rev.  Wm.  Kirby,  I 
^iio  lias  named  it  slrepsipiera.  We  regret  thai  it  is  not  in  oitti  I 
power  lo  enter  into  a  minute  analysis  of  this  paper.  We  must;  J 
(herefore,  content  ourselves  by  briefiy  stating  that  the  parts  consii  t 
Jered  as  elytra  by  Mr,  Kirby  have  no  pretensions  to  that  title,  a^  J 
tley  Ao  not  perform  the  functions  of  those  parts,  neither  do  thej^  j 
»tiie  from  the  same  part  of  the  thorax ;  in  short,  they  can  be  coo^  I 
^dered  but  as  appendages  lo  the  thorax,  in  which  light  they  were  J 
Viewed  by  Rossi,  the  disLOverer  of  the  genus  xenos,  the  type  of  tbi  I 
order,  which  contains  another  genus,  named  slylops  by  Mr.  Kirbi^.l 
iloth  these  genera  are  in  the  larva  state  parasitical,  living  beneam  I 
ix  abdominal  segments  of  certain  hymenopterous  insects  of  ttn  I 
eeaera  polhtes  and  aiidrenu  Fabr,  The  dissertation,  as  far  as  it  rei  1 
ates  to  the  order  in  question,  is  extremely  well  drawn  up,  and  doa  J 
infinite  credit  to  its  learned  author.  We  cannot,  however,  subscribl  I 
to  the  rules  for  the  arti6cial  classification  of  insects.  (P.  94,  95.)  I 
Plates  8  and  9  illustrate  the  characters  of  the  order.  The  lattal 
plate  is  decidedly  the  most  beautiful  that  has  been  produced  in  thfi 
country,  and  was  executed  from  a  drawing  by  F.  Bauer,  Esq.  An 
appkidix  to  this  paper  is  given  in  p.  233. 

Vermes. — In  plates  3,  4,  5,  and  14,  several  species  of  this  cl«i 
are  given  by  Montagu ;  but,  without  an  inspection  of  the  animaU  J 
themselves,  nothing  can  be  said  with  any  degree  of  confidence.         I 
Radiata.  —  Montagu,  p.   201,   plate   H,  fig.  4,  has  given  as  ^ 
■ntmiil  of  the  family  medusts,  under  the  title  medusa  pacillum,  but 
We  do  not  know  to  what  genus  it  belongs. 

Under  the  head  Extracts  from  the  Minute  Book,  we  find  aA 
account  of  apig  that  lived  160  days  without  food,  communicated  by 
vT.JHanlell,  Esq.  .  j 

in  p.  401  is  a  singular  paper  on  a  fossil  occurring  in  the  chEflc| 
sitala  near  Lewes,  under  tbe  title.  Description  of  a  Fossil  Atcyiji 
nium,  by  Mr.  G.  Mantel!,  F.  Ij.S.     We  can  only  observe  that  t"  ' 
mlng  described  is  no  more  an  alcyonium  than  the  variety  of  d 
iordant  objects  figured  and  described  as  such  in  the  last  volume 
,  fbi  Traniaetions  of  the  Geological  Society.    The  type  of  ai 
^UiA.  dlgUatum)  which  is  very  common  on  alloviT  coa^. 


■  Analyses  of  Boohs. 
I  can  t]o  little  more  tliaa  give  the  titles  of  the  botanical 
as  few  of  iheni,  from  ihe  uature  of  the  subject  of  which  tt^l 
are  suscepiible  of  abridgment, 

1.  On  the  Deoxidatiua  of  the  Leaves  af  (he  Cotyledon  . 
By  Dr.  Benjamin  Heyiie. — This  is  a  very  curious  fact,  th» 
Ucyne's  ilicory  is  not  quite  so  evideni.  This  piant  is  ci 
commonly  in  the  gardens  in  India.  In  the  morning  the  le 
as  sour  as  those  of  the  sorrel.  As  the  day  advances  they 
le^s  so,  and  at  noon  are  quite  insipid.  By  tlie  evening  tl 
acquired  a  bitter  taste.  Dr.  Heyne  ascribes  the  acidity  to  the 
absorbed  by  the  leaves  of  this  plant  during  the  night.  This 
is  again  di^enj^^i^ed  by  the  light,  and  the  plant  becomes  insipi 
cauuot  perceive  how  such  an  absorption  should  have  such  an  effect' 
The  most  probable  thing  is,  that  the  acid  formed  during  the  nigM 
is  exhaled  by  the  heat  of  the  day.  If  so,  it  will  probably  be  fouoi 
todiffer  from  every  known  acid  inits  properties,  and  in  the  plant  it 
cannot  be  combined  with  any  base.  If  there  be  any  person  in  lodii 
acquainted  with  the  details  of  experimenting,  the  subject  would 
deserve  his  investigation ;  some  new  and  important  fact  would  pro- 
bably i>e  brought  to  light. 

2.  Description  of  a  new  British  Rnbits,  with  Corrections  of  ike 
Descriptions  of  Riilius  Corylifulius  and  FruHcosits,  and  a  List  aj 
some  of  the  more  rare  Briliili  Plants.  By  George  Anderson,  ^q. 
F.L,  8. — This  new  specie?  was  first  noticed  in  the  third  volume  rf 
the  Transactions  of  the  Royal  Society  of  Edinburgh,  by  Mr.  Hillj 
under  (be  name  of  Tubus  nessensis,  because  he  found  it  on  the 
banks  of  Loch  Ness,  Mr.  Anderson  calls  it  rulus  suherectus.  It 
seems  to  be  pretty  common  in  Great  Britain. 

3.  Sotne  Observations  on  ike  Iris  Susiana  of  Linnceus,  andortiht 
natural  Order  of  Aquilaria.  By  Sir  James  Edward  Smith,  P.LS. 
&r. — Sir  James  thinks  that  tliis  iris  is  the  native  of  a  colder  climite 
tlian  the  neighbourhood  of  Susa,  in  Persia.  It  was  brought  from 
CnnstHiitinople ;  and  the  name  msam  appears  to  be  the  Turkish 
appellation  for  an  rm.  Hence,  in  his  opinion,  the  origin  oftbe 
tnvial  name.  He  thinks  that  the  plants  considered  by  botanistsu 
forming  the  natural  order  of  aquilaria  belong  to  euphorhiee. 

4.  Description  of  a  new  Species  of  Psidium.  By  A.  B.  Lambert, 
Esq.  F.  K,  S,  &c.  Tiiis  species,  the  psidium  polycarpan,  was  fiiH 
described  by  Dr.  Anderson,  of  St.  Vincents.  It  ripened  in  Mr. 
Lambert's  stove  at  Boyton. 

5.  Of  the  Devfhpement  of  the  Seminal  Germ.  By  the  Rev.  P. 
Keith,  F.L.S. — In  this  paper  Mr.  Keith  controvens  the  different 
hypotheses  by  which  vegetable  physiologists  have  endeavoured  lo 
explain  why  the  radicles  of  plants  proceed  downwards,  and  theic 
stems  upwards.  The  most  ingenious  explanation  is  that  of  Mf. 
Knight,  who  ascribes  it  to  ihe  action  of  gravity.  He  showed  ibat 
when  seeds  were  made  to  germinate,  subjected  to  a  centrifugil 
force,  the  radicles  obeyed  that  force,  while  the  stems  grew  tow«4> 
it.     This  is  a  striking  analogy,  and  renders  the  assigned  caueeMlta 
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iritatioDy  very  probajble ;  though  I  do  not  think  that  Mr.  Knight  has 
wceeeded  in  showing  us  how  gravity  can  make  the  stems  of  plants 

Ew  upwards ;  nor  do  I  think  that  the  subsequent  explanation  of 
.  Campbell  {Annals  of  Philosophy j  vol.  vii.  p.  443)  serves  in  the 
ktst  to  obviate  the  difficulty.  I  conceive  that  tlie  experiment  of 
Hu  Knight  has  rendered  it  probable  that  gravity  is  the  agent ;  but 
ve  are  still  unable  to  show  in  what  manner  that  power,  acts. 

6*  Remarks  on  Dr.  Roxburgh* s  Description  of  the  Monandrous 
Plants  of  India.    By  Wm.  Koscoe,  Esq. 

J»  Observations  on  the  Genus  Teesdalia.  By  Sir  James  Edward 
Smith,  M.  D. — Mr.  Brown  had  constituted  the  iberis  nudicaulis  of 
linneeus  into  a  new  genus,  called  teesdalia.    The  object  of  this 

Eper  is  to  show  that  the  lepidium  nudicaule  of  Linnaeus  belongs 
ewisetothis  genus.  He  proposes  to  call  it  ieesdalia  regularise 
\ut  he  acknowledges  it  to  be  doubtful  whether  the  two  do  not  ia 
&ct  belong  to  one  and  the  same  species. 

8.  Remarks  on  the  Bryum  Marginatum  and  Bryum  Lineare  of 
Dickson.  By  Sir  James  Edward  Smith,  M.D. — This  constitutes  a 
defence  of  Mr.  Dickson  against  an  unjust  attack  made  upon  him  bv 
Bridel.  \  ,  f  f 

9.  Description  of  several  new  Species  of  Plants  from  New  HoU 
ImL  By  Edward  Rudge,  Esq.  F.R.S. — ^The  species  described  in 
this  paper  are  the  dodon^ea  cuneata,  asplenifolia;  philotheca  aus- 
tialis;  darwinia  fascicularis  ;  pultensea  ferruginea,  elliptica,  polyga- 
jifqlia ;  eriostemon  salicifolia. 

10.  Descfiption  of  nine  new  Species  of  Plants  from  CaucasuSm 
fiy  Chevalier  de  Steven,  Counsellor  of  the  University  of  Moscow, 
^— The  names  of  these  plants  are,  veronica  c^rista-galli ;  anchusa 
ilpestris;  androsace  albana ;  cucubalus  lacerus;  silene  ciespitosa; 
orobus  formosus ;  serratula  elegans,  depressa ;  orchis  mutabilis. 

The  only  mineralogical  paper,  which  has  not  been  already  noticed^ 
It  the  following  : — 

Observations  on  Arragonite,  together  with  its  Analysis.  By  the 
Bev.  John  Holme,  A.M.  F.L.S. — Arragonite  has  long  attracted  a 
good  deal  of  the  attention  of  mineralogists.  Its  copstituents,  as  far 
as  could  be  detected  by  analysis,  were  found  the  same  as  those  of 
jH^lcareous  spar ;  but  the  figure  of  its  crystals,  its  specific  gravity, 
iuMi  hardness,  difTer  materially  from  those  of  that  substance.  It 
constitutes  a  species  apart ;  and  the  difficulty  was  to  account  for  this 
diOference  in  the  properties  of  two  substances  composed  of  the  same 
constituents  in  the  same  proportions.  Stromeyer  discovered  that 
trmgonite  contained  about  two  per  cent,  of  carbonate  of  strontian. 
Bod  this  discovery  has  been  verified  by  Vauquelin,  Bucholz,  and 
other  celebrated  analysts.  But  it  is  difficult  to  see  how  so  minute 
a  quantity  of  carbonate  of  strontian  can  account  for  the  difference 
in  the  structure  of  the  crystals,  in  the  hardness,  and  in  the  specific 
gravity.  ,  Mr.  Holme  has  shown  another  difierence  to  exist  betweea 
ttragonite  and  calcareous  spar.  The  first  contains  combined  wi 
whUe  the  second  is  destitute  of  that  substance*  When  the  vi 
1 
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Ativinolf,  the  arifagonite  falls  to  powdef,  antl  ilssjiecific^ 
^tninished.     According  to  Mr.  Holme,  arragomte  is  conipt 

Liiflft   55-8 

Ckrbonic  acid 43-4 

Witter 0-8 

10(M> 

Tlie  objection  to  this  mdfte'of  accounting  for  the  iH 

pCTties  of  arragiWiit^  and  calcareous  spar  is  the  v^ry  stnall  ^ 

of  water  found.  An  atom  of  carbonate  of  lilne  weighs  abolit 
aVid  in  atom'  of  water  1'125.  According  to  these  weight^,  arrt- 
gbnite  vi'ould  bi  composed  of  18' atoms  of  carbonate  of  lime  »ai 
btie  arom  of  wateir.  It  is  difficult  to  conceive  how  so  stiiaU  a  p* 
portion  of  rfater  can  unite  with  so  great  a  proportioo  of  carbbo^ 
of  liine. 
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MOYAL  iNSTmrrB  of  france. 

'jttwunl  of  (he  Lahmirs  of  Ike  Class  of  Mathematical  an3  PTiystai 
''    Sciences  of  the  Roijal  Institute  of  France  during  theYear^  1816. 

Vtxrk'ETstfimicKL  Pk&t.—Bij  M.  le  Chevalier  Detamhre,  PetpM 
Secretary. 

A  If  A  LYSIS. 

iOiiilinuii  from  p.  149.) 

MfiHcti'iai  of  the  Caltidus  of  Protal/UUiL's  to  Natural  ftils- 
jii/)^.,    By'M.  Laplace. 

J  "  yvhSn  wt  wish  to  know  the  liiws  of  a  phenomenon,  and  acquire 
'gip^itt  exatftnes^'fheoijicrvairons  are  combined  in  such  a  mannef  aJ 
t6  etitnitrtlfc  the  uliKnown  elements,  and  a  mean  of  them  is  taken. 
"By  (he  fheoiy  o'f  p rob a'bi Ikies,  the  most  advantageous  mean  result, 
*r  ihal  rt'hicli  gives  f he  least'  hold  lo  error,  b  determined.  But  ftui 
h'Sof  siJffieteni  J " i(  IS  necessary,  likewise,  to  determine  the  proba- 
fcitity  tbat  the  error  is  confined  within  given  limits.  Without  this, 
WehavK  l^t  iittfmp&rfect  knowledge  of  theaccuracy  obtained,  ff^'' 
rfton^  of  the  tilings  wjiich  I  had  chiefly  in  view  in  niy  Tlieorie  Ana- 
-IvCi«^n^  des  Pfol)ai)ilit4s,  in  wlifch  I  have  established  formulas,  wHcb 
^navc  fhe  Jhiportant  advantage  of  being  independent  of  llie  law  5 
■flie  prObaVility  of  errors,  and  of  containing  only  quantities  givep'tj 
-ittife  o^rKfttioiis  themselves,  and  by  their  analytical  ejcpresston."  " 
Here  the  flutlior  gives  a  clear  and  concise  esplanatioa  of  liis 
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{Dfethod,  from  which  it  y/m^i  Wft  be  jxjteible  to  tal^e^  -uo^^b  ^!!P^' 
■od  bfc  which  we  ate  iwder  tbe  iietKUUJtT  of  refuriog  :^b  the  Ccu- 
faiiaaoca  tIcE  Temps  :f[n-  1618^  which  will  be  pulilisht^  before  this 
DJMice.  \a  that  book  a  e^eat  sumberof  useful  fmd  carious  forisalu 
Vlll  Ife  found,  with  which  it  ii  impossible  for  ul  to  eanch  our  ta- 
tnct.  Ill  the  iiieiii(»r  on  the  ebbing  aqd  flowing  ot  the  tide,  we 
hj^e  just  fiffiH  an  application  of  the  method.  This  dew  iiicm9ir 
ahibits  two  others :  one  respecting  the  ainount  of  the  masses  of 
fmtp,  iatv^in,  and  Uranus ;  the  other,  respecting  the  kw  of  tbe 
wiajtion^f  gravity.  By  a  laborious  inTestigatiOD  ol  the  motipns^ 
j[ll%r  and  Saturn,  M.  fiouvard  found  the  man  of  Saturn  equal  tp 
T^i^h  part  of  that  of  the  Eun.  lliis  is  the  sum  of  the  masia  of 
SjiturOj  ^is  satellites,  and  ring.  From  the  formulas  of  {v:6bBbility 
lj[(  Laplace  has  calculated  that  it  ia  ]  1000  to  1  that  the  error  of  this 
^It  does  not  amount  to  T^tli  part  of  its  value ;  or  that  after  a 
ceiit|iry  of  observations,  added  to  .those  already  obtained,  and  exa- 
Diced  in  the  same  manner,  the  result  will  out  difier  -y^j^h  part 
bom  thai  of  M.  Bouvard.  He  finds,  lil^ewise,  that  there  are  several 
thousands  to  1  that  the  error  does  not  amount  to  -j^h  part.  Newtoa 
M  {blind  that  mass  equal  to  y^W^h  part  of  the  sun,  which  is  about 
jth  greater  than  that  of  M.  Bouvard.  It  is  several  millions  of 
wa^ds  to  1  that  Newton's  number  is  an  error;  and  ve  shall  d(4 
bf  surprised  at  this,  says  M.  Laplace,  if  we  consider  die  extreme 
dif^culty  of  observing  the  elongations  of  the  satellites  of  Satura, 
jr)j|ch  served  as  the  l»sis  of  Newton's  calculation.  The  satellitesw 
Jupiter  preseot  niuch  smaller  diScuUics,  and  we  find  in&ct  that 
tnth  respect  .to  the  mass  of  this  planet,  Newton  came'  much  nearer 
*tbe  truth  ;  for  the  mass  which  ne  lias  assigned  jt  is  -j-^m  and  ^. 
Houyard  has  obtained  -j-^  by  means  of  quite  different  obseryationSf 
which  give  us  a  million  to  one  thiit  the  error  of  the  result  is  not 
tI^^  part^  and  900  tp  1  that  it  is  not  ■^. 

M.  J^yurard  has  endeavoured  to  obtain  the  mass  of  Uramis  from 
the  e^cts  which  it  produces  on  the  motion  of  Saturn.  The  result 
is,  that  its  mass  is  -i .  ^ , ,  ih  of  that  of  the  sun.  The  diffi.cuhy  of 
<^rving  the  ejoagaiion  nf  the  satellites  of  Uranus  is  even  oiudi 
KKater  than  that  of  the  elongations  of  the  jatelliti^  of  aptum. 
![!^ei:5(ore  .we  may  re^ooabty  suspect  a  conalicrable  ei;ror  ip  ll)p 
jgi)Ri|p  w,l^cli  r^ults.from  the  eloDgtuions  observed  by  H,ersche].  fn 
i,^ew  ineo^oir,  which  will  appear  tn  the  Philt^phical  T^nfnctiq^ 
nr  ifitS,  and  .which  contains  interesting  details  r^ppctir^  ikl^fC 
mji^cgfitjhie  satellites.  Dr.  Heiachel  hi^  m^de  several  changtf  iii 
pifi  jf^sf^  .the  iodinatious,  and  the  periods,  .which  he  had  jo^ertf 
m^WO.  Hencie  some  chi!ing;e  cpay  likewise  result  in  the  ii:(a|9. 
ji^^clip  i^ot  know  bow  hauch  ihi^  it  of  which  M.  LaptaQC  .hft 
ffpftfo  i  atijd  we  ought  to  lefraiti  frotn  all  calcuktioo,  and  fH  expbr 
tUf^^t  till  .tile  author  himself  has  published  the  work  of  .]V)bif£  hit 
^sest  ^  n' copy.  To  returo  to Ae  result  of  M.  fioi  "  '■  is  US 
1»  it  ibu^'^  fTTOT  is  hot  2Vth»  vfi  $i^G  txt  i  that  ii  yif^ 
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cannot  expect  greater  precision  till  observations  have  bee*] 
ciently  multiplied  J  thai  is  to  say,  at  the  end  of  alxiut  a  ccnb  " 

For  ibe  second  application  of  his  method  M.  Laplace  has 
the  law  of  gravitation,  and  tbc  experiments  with  the  pec 
The  observations  which  appear  to  him  lo  deserve  the  great) 
fidenccare  37 in  number,  and  extend  from  N.lat.  67°toS. ! 
The  rate  ts  very  regular ;  yet  a  still  greater  precision  would 
sirahle.  The  length  of  the  isochronous  pendulum  resulting  ; 
follows  very  nearly  the  simplest  law  of  variation,  that  of  tbe 
of  the  sine  of  the  latitude.  Tlie  two  hemispheres  in  this  res 
not  present  a  sensible  difference,  or  at  least  which  may 
ascribed  to  errors  of  observation.     By  a  profound  discu! 

these  observations,  M.  Mathieu  has  found  that  the  lengtli 

pendulum  which  swings  seconds  at  the  equator  being  taken  as  uni 
ihe  coefficient  of  the    term  proportional  to  the  square  of  the  sine 
the  latitude  is  -j-J^^Jj^.    The  formulas  of  ptobabiliiy  applied  to  these 
observations  give  2127  to  1  that  the  true  coefficient  li^ra  between  the  "^ 
limits  of  5000ths  and  liOOOihs. 

If  the  earth  is  an  clUjisoide  of  revolution,  the  coefficient  5000 
corresponds  lo  a  flattening  of  -^.  "  It  is  4254  to  I  that  the 
flattening  is  less.  Tliere  are  millions  of  thousands  to  1  that  thii 
coefficient  is  less  than  that  which  corresponds  to  the  homogeneirt 
of  the  earth,  and  that  the  beds  increase  in  density  as  they  approach 
the  centre.  The  great  regularity  of  gravity  at  the  surface  prores 
that  they  are  disposed  symmetrically  round  that  point.  These  two 
conditions,  necessary  consequences  of  the  fluid  slate,  could  not 
exist  with  resjiect  lo  the  earth,  unless  it  had  at  first  been  in  that 
state,  which  a  violent  heat  could  alone  give  to  the  whole  globe," 

Next  come  the  general  formulas :  the  author  arranges  thctn  for 
.particular  cases,  when  the  number  of  unknown  quantities  is  2,  3, 
or  4.  This  part  not  being  susceptible  of  extract,  we  refer  to  the 
Connaissance  des  Temps  for  \.S\8,  published  hy  the  Board  of 
Longitude.  1 

Exercises  in  the  Integral  Calculus.  Fifth  Part.  By  M.  Le- 
ge ndre. 

We  have  in  the  notices  of  former  years  given  an  account  of  tht 
first  parts  of  this  work.  The  fifth  part,  which  has  just  appeared 
leads  us  to  expect  that  it  will  be  followed  by  several  others,  in  whkn 
the  author  will  continue  to  devclope  the  consequences  of  the  prior 
ciples  which  he  has  laid  down,  and  to  add  to  the  number  of  equf 
tions  of  which  the  iiitegration  is  possible.  The  inquiries  which  we 
announce  to  our  readers  are  for  liie  most  part  a  continuation  of  those 
which  are  the  object  of  the  third  and  fourth  parts.  Some  relate  W 
Ihc  developement  of  functions  inio  series ;  others  relate  in  general 
to  the  means  of  facilitatirjg  and  extending  ihe  applications  of  the 
integral  calculus  by  die  exact  valuation  or  approximation  of  diflercDt 
sorts  of  definite  integrals.  As  all  the  mathematical  truths  arc  con- 
nected witli  the  subject,  we  shall  not  be  surprised  that  the  audMT 
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im.his  \vay  meets  with  theorems  or  formulas  already  known,  either 
because  their  close  connexion  has  led  him  naturally  to  them,  or 
because,  struck  with  the  importance  of  a  new  proposition,  the  author 
hu  turned  aside  to  come  to  it,  and  to  connect  it  to  the  general 
theoiy.  Thus  in  paragraphs  3,  4,  and  5,  will  be  found  several 
tMjDulas  which  we  owe  to  M.  Toisson  and  to  M.  Cauchy.  The  6th 
treats  of  some  transcendentals  expressed  In  continued  fractions.  We 
fiod  in  it  an  explanation  of  an  error  remarked  in  a  result  of  Euler. 
We  see  that  continued  fractions  ought  to  be  employed  only  with 
peat  precautions,  and  we  ought  to  be  always  certain  that  the  quan-* 
tity  necessarily  omitted  in  the  term  at  which  we  stop  will  not  pro- 
dace  a  sensible  effect  upon  the  total  value  of  the  fraction.  The 
aothor  terminates  by  remarking,  that  it  would  be  difficult  to  give 
in  example  where  the  use  of  continued  fractions  in  the  integral 
cilculus  gives  any  advantage  over  that  of  series,  which  represent 
the  value  term  by  term.  In  the  7th  paragraph  we  find  important 
theorems  on  returning  series ;  methods  which  the  autlior  shows  to 
igree  with  a  formula  of  Lagrange,  and  wliich  serve  him  to  demon- 
trate  the  formulas  which  we  owe  to  M .  Burman.  The  8th  gives 
he  means  of  summing  a  given  number  of  terms  in  the  develope- 
nent  of  (i  +  a)".  The  9th  contains  a  remarkable  extension  givea 
9  the  methods  of  Lagrange  to  develope  in  converging  series  the  arc 
Aione  tangent  is  given  in  a  rational  function  of  the  sines  and  cosines 
f  another  indefinite  arc.  We  see  that  this  sort  of  resolution  may 
Iways  take  place,  whatever  be  the  coefficients  of  the  given  func- 
ion,  and  that  from  these  developements  we  may  deduce  some  re- 
oarkable  theorems  respecting  definite  integrals.  Paragraphs  10  and 
.1  are  occupied  in  developing  more  complicated  expressions.  This 
s  the  case,  likewise,  with  paragraph  12,  in  which  the  author  is 
aken  up  with  a  peculiar  species  of  transcendentals,  which  possess 
everal  beautiful  properties,  and  which  have  numerous  applications 
nthe  theory  of  the  perturbations  of  the  planets.  Here  the  exam- 
ples are  calculated  to  from  8  to  13  decimal  places,  to  show  more 
Jlearly  the  use  of  the  formulas.  When  the  demonstration  of  these 
'ormulas  depends  upon  calculations  of  some  length,  which  is  the 
most  common  case,  the  author  points  out  difierent  ways,  all  of 
ivhich  lead  to  the  same  point.  This  attention,  which  is  not  to  be 
slighted  in  the  most  simple  problems,  becomes  so  much  the  more 
indispensable,  the  more  elevated  the  theories  are,  and  the  more 
difficult  the  calculations. 

Demonstration  of  a  Theorem  from  which  may  be  deduced  all  tlie 
hnvs  of  ordinarjf  and  extraordinary  Refraction,     By  M.  Ampere. 

M.  le  Comte  Laplace  has  reduced  all  the  phenomena  of  ordinary 
«nd  extraordinary  refraction  to  a  single  principle,  namely,  that  of 
fte  least  action.  He  has  shown  that  by  means  of  this  principle  all 
Ae  problems  relative  to  this  part  of  natural  philosophy  are  reduced 
^  simple  questions  of  analysis,  as  soon  as  observation  has  made  us 
^CQuaidted  with  the  velocity  which  light  acquires  in  each  medium. 

The  velocity  depends  on  the  direction  in  consequence  of  a  veqf 
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Bimple  law  in  crystals,  in  which  the  efiect  of  these  forces  has  hta 
already  detcripinecl.  This  velocity  Is  a  funcuon  of  the  angle  whim 
the  direciion  of  the  refracted  niy  makes  with  a  fixed  ^xs.  But]£ 
3iot  has  found  in  mica  two  axes  of  polarizatioD,  which  may  lead^ 
the  isuppasitiun  that  in  this  substance,  and  in  several  others  nnt  nl 
examined,  the  law  of  the  motion  of  light  may  be  iiiore  complic^eP) 
and  may  depend  upon  two  angles,  which  might  determine  lifs 
direction  of  the  ray.  , 

M.  Ampere,  in  consequence,  has  conceived  that  it  would  hf 
useful  »o  demonsirale  in  general  the  identity  of  the  principle  <^ 
least  action,  attd  of  a  construction  analogous  to  that  whicB  Huyj^i^ 
has  given  for  the  case  in  which  the  kw  of  tlie  est^ordinary  refiM- 
Oon  depends  only  on  a  single  angle.  In  order  to  determine  IQ^ 
direction  of  the  ray,  it  is  sufficient  to  know  always  llie  angles  whi'^ 
it  forms  with  two  lines  given  in  position.  It  results  from  this,  tut 
in  whatever  manner  we  have  the  expression  of  the  la>v  according  Ifi 
which  the  velocity  depends  u[X)n  the  direction,  we  can  always,  ^ 
the  known  formulas  of  spherical  trigonometry,  calculate  the  viduf 
of  this  velociiy  in  a  fun.ciion  of  tlie  two  angles,  which  deterjniqp 
the  direciioii  to  two  lines  taken  an  pleasure,  provided  that.thei;^ 
spective  position  of  the  axes  of  the  crystal  and  of  these  lipes  J|^ 
kntiwo. 

for  the  object  which  the  author  has  in  view,  it  is  sufficient^ 
him  to  establish  in  general  the  possibility  of  expressing  the  veloHiy 
ID  that  manner.  It  is  useless  tor  him  to  calculate  the  value  of  the 
luaction  which  represents  it,  because  the  considerations  of  wtdcp 
be  bsj  to  make  use,  and  the  results  which  he  has  deduced  froo 
tliem,  do  nut  depend  upon  the  dulerminatlon  of  this  function,  eu\\e 
in  the  medium  into  which  the  ray  passes,  or  in  that  from  which 
it  issues. 

Tiie  simplicity  of  the  demonstration  results  from  the  choicesf 
the  two  variable  quantities,  which  he  has  considered  as  independent 
He  has  employed  the  formulas  of  transformation,  and  the  nolatuffl 
used  already  in  severil  of  his  memoirs  on  the  integration  of  equa- 
tions of  partial  dlllerences.  And  he  flatters  himself  that  the  new 
use  whicli  he  iias  made  of  it  will  leave  no  doubt  respecting  the  ad- 
vantages which  may  be  drawn  from  it  in  several  applications  of  tlie 
analysis  to  questions  of  nieclianics  and  physics. 

We  see  thrit  t^iis  memoir  is  purely  analytical.  We  could  not  con- 
tinue the  extract  of  it  without  giving  the  formulas  of  the  author, 
without  which  it  would  be  impassible  to  make  any  use  of  the 
theorem  which  constitutes  the  principal  object  of  the  memoir. 

From  the  same  theorem  M.  Ampere  deduces  a  construction  «p* 
plicable.to  all  the  cases  in  which  we  know  the  velocity  of  light  ifl 
functions  of  tlie  two  angles  which  determine  its  direction,  and  bj 
wliich  we  construct  the  refracted  ray,  when  we  have  the  direction  of 
the  incident  ray. 

He  then  shows  the  relation  of  his  general  constritctio^  ^  iLjiF 
wlitch  Huyghens  has  given  in  a  particular  case. 
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.^  Memoir  oh  two  Micrometers  for  measuring  the  Diameters  of  the 
^%m  and  Moon.    By  M.  Rochon. 

'  We  have  already  bad  more  than  one  opportunity  of  speaking  of 
'iBeie  micrometers.  Both  the  instruments  and  the  memoir  are  in 
'jibe  bands  of  M.  Arago,  who  is  examining  them.  We  shall  take 
*  aire  to  give  an  account  of  the  result  of  these  observations  as  soon 
'^ii  they  are  finished. 

Memoir  on  the  Distribution  of  Heat  in  Solid  Bodies*    By  M, 
^Poision. 

/•  The  Class  in  1812  had  proposed,  as  the  subject  of  a  prize,  the 

^'heftion  which  forms  the  subject  of  this  memoir.    M.  Fourrier 

'mained  the  prize  in  consequence  of  the  new  formulas  which  he 

'^wesented,  and  the  great  number  of  experiments  which  appeared  to 

"demonstrate  at  once  both  the  formulas  and  the  physical  suppositions 

«d.whieh  the  calculus  was  founded.  The  Class  had  expressed  regret 

*4nt  the  author  had  not  removed  the  difficulties  which  his  analysis 

411  left,  and  that  his  demonstration  had  not  uU  the  rigour  and  all 

^generality  which  the  importance  of  the  question  required.    M. 

^Frisson,  who  entertained  the  same  opinion,  and  who  had  it  in  his 

poirer  to  examine  at  leisure  the  manuscript  left  at  the  secretary's 

OlBce  at  the  Institute,  was  induced  to  resume  the  whole  mathema* 

tical  theory  of  the  distribution  of  heat  in  solid  bodies.    His  analysis, 

thx^h  more  rigorous,  is  likewise  less  simple,  as  might  indeed  have 

iKen -expected.     But  the  important  point  is,  that  it  leaves  no  doubt 

^th  respect  to  the  certainty  of  the  results,  and  that  it  furnishes  as 

,with  a  general  and  complete  solution  of  the  problem.  He  conceives^ 

-1^'  chat  it  may  he  applied  to  other  questions  in  physics  and  me- 

d»nics,  the  solution  of  which  had  not  been  attempted,  or  which 

ttiil  left  something  further  to  be  done. 

The  author  begins  by  explaining  the  nature  of  the  question,  and 
detailiag  the  difficulties  which  the  calculus  has  to  resolve.     He 
cniuiierates  the  principles  and   facts  established   by  experiment, 
irluch  constitute  the  baises  of  the  analytical  reasonings,  as  well  as  c£ 
"due  suppositions  which  he  ventures  to  adopt,  and  which  he  circum- 
•eribes  within  limits  where  they  may  be  regarded  as  perfectly  con<- 
fcrmable  to  experiment.    The  data  which  he  thus  obtains  lead  him 
to  consider  thiee  quantities,  which  must  be  carefully  distinguished 
from  each  other,  as  constant  for  every  species  of  body ;  namely,  the 
ctpacity  of  the  body  for  heat,  its  conducting  power,  and  the  co- 
efficient of  the  temperature  in  the  expression  of  the  exterior  radiation* 
llese  three  quantities  being  given  in  numbers  for  the  body  wliich 
we  examine,  the  general  solution  of  the  problem  naturally  divides 
tlielf  into  two  parts.     The  1st  relates  to  the  research  of  the  diffe- 
ftntial  equations  on  which  the  distribution  of  heat  in  the  interior  or 
H  the  surface  of  the  body  depends.    The  2nd,  which  is  purely 
Mlytical,  comprehends  the  integration  of  these  equations,  and  the 
determination  of  the  arbitrary  functions  contained  in  their  integrab- 
<RND  the  initial  state  of  the  body,  and  the  conditions  relative  to  its 
lurfaee.  u 
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A  aifficulty  otcora  *t  Ihe  outset  respeeiing  the  manner  ir 
the  dift'eieiuial  equation  oughl  to  he  formed.  To  eEcape  ii 
Mpeers  insurmt mumble,  the  author  supposet,  with  Laplat 
fte  action  of  each  elementary  pariicle  of  the  body  etttetid^ 
tMiiact,  and  that  it  extends  to  all  the  dements  contained  ia 
l^ce,  as  small  Qs  you  please.  Tlic  law  ai  this  action  tnaj 
pressed,  as  in  the  theory  of  refractions,  and  in  that  of  ( 
•nraciion,  by  a  function  of  the  distances,  which  becomes  io 
cr  null  as  soon  as  the  variable  (juantily  acquires  a  sensibli 
But  in  this  hypothesis  the  variation  of  the  temperature  is  { 
^n  integration,  the  i-esuit  of  which  is  independent  of  the 
[■  that  function.  The  equation  of  the  motion  of  heat  prese 
tame  form  that  it  had  before,  but  the  diflerential  homogene! 
tttahlished,  and  the  dillieulty  disappears. 

This  supposition  of  an  action  at  a  distance  between  the 
(if  a  solid  body  differently  heated,  may  appear  strange  to  th 
%Te  not  sufticiently  initialed  in  this  kind  of  calculus;  it  hasfivi 
^Bbelievcrs  among  mathemaiicians  of  a  superior  class.  ] 
KlOt  a  mere  mnthematical  supposition,  made  merely  to  c 
Irregularity  to  disappear.  It  is  conformable  to  every  thing 
•bserve  in  nature,  where  we  linow  that  all  the  tnoleculai 
«8tend  beyond  contact,  and  to  finite  distances,  which  iaiee 
ttir  senses.  However,  M.  Poisson,  in  admilting  this  notiw 
Requires  to  be  well  ascertained,  acknowledges  that  it  is  a  pc 
^termined  by  experiment  whether  the  radios  of  this  sphe 
Wiall  as  is  supposed.  If,  on  the  contrary,  its  extent  were 
vome  modifications  in  the  calculus  would  be  DecessHry,  w 
■*uthor  promises  to  point  out  as  a  supplement  to  his  memoii 
From  this  mode  of  viewing  the  communication  of  I 
Poisson  has  formed  the  equation  of  its  motion  in  a  body  of  ai 
whatever,  and  has  obtained  that  which  M.  Fourrier  first  ga 
inemoir  that  gained  the  prize,  the  demonstration  of  whirfi 
quite  complete.  Besides  tiiis  equation,  common  to  all  die 
the  Iwdy,  there  is  another,  which  belongs  only  to  the  poin 
surface  SHp|)OBed  radiating.  Tliis  general  equation,  as  wi 
.fint,  is  found  in  the  memoir  of  M.  Fourrier,  who  had  fori 
first  for  the  faces  of  a  parallelopiped,  for  the  surface  of  a 
And  that  of  a  square,  and  had  then  extended  it  by  inducti 
surAice  of  any  body  whatever. 

These  equations  remained  to  be  integrated.  The  fi 
equation  of  partial  differences  of  the  second  order.  But  i 
to  those  wliich  apply  only  to  a  single  arbitrary  functior 
complete  integral,  as  M,  Poisson  bad  already  demonstrati 
ftiethod  which  M.  Fourrier  had  followed  wfis,  as  he  ubser 
Ktf,  similar  to  ihfii  which  Daniel  Bernoulli  had  empl 
vibrating  cords.  We  know  the  objections  which  Euler,  d'A 
»nd  Lagrange,  made  to  Bernoulli  at  the  time.  They  may  b 
Wtewise,  against  M.  Fourrier.  Hence  his  demonstrai 
appear  insufficient.    But  this  does  not  prevent  all  his  reai 
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correct,  as  M.  Poisson  has  aicertaiDed,  and  has  exprtssly 
irledged  in  his  memoir. 

could  have  wished  to  have  given  at  least  Sbme  idea  of  the 
I  of  the  author,  bat  we  are  under  the  necessity  of  referring 
memoir ;  and  we  may  mention  to  our  readers  that  they  will 
copy  of  it  in  the  Bulletin  de  la  Societe  Philomatiqud  for  the; 
of  June,   1815. 

wirs  on  the  Theory  of  Waves.  By  M.  Poisson. 
question  was  proposed  by  the  Class  as  the  subject  of  a  prize 
ecided  in  1816.  But  when  M.  Poisson  terminated  his  inves- 
I,  the  prize  was  still  undetermined  ;  no  candidates  bad  piit 
*  clainns :  yet  he  did  not  consider  himself  as  at  liberty  to 
Down  the  result  of  his  researches.  He  satisfied  himself  with 
iciDg  them  to  the  Class,  who  received  the  memoir  into  their 
r.  A  single  memoir  was  sent  for  the  prize,  and  M.  Poissoa 
n  it  foimulas  similar  to  those  of  his  own  memoir  for  the  case 
lite  depths.  The  question,  which  he  lias  treated  anew,  and 
It  length,  is  of  such  a  nature  as  scarcely  to  admit  of  any 
L  We  shall  merely  state  the  fundamental  suppositions  of  tha 

mpposes  that  the  water  did  not  receive  any  percussion  at  the 
>t  nnovement,  and  that  it  was  deranged  from  a  state  of  equi* 
I  in  the  following  manner.  •  A  piston  of  any  form  whatevev 
ged  to  a  small  depth  in  the  water.  The  fluid  is  allowed  time 
e  to  a  state  of  rest.  Then  the  immersed  body  is  suddenly 
iwn.  Waves  are  formed  round  the  spot  which  it  occupied ; 
e  object  of  the  paper  is  to  determine  their  propagation,  both 
surface,  and  in  the  inside  of  the  fluid  mass.  M.  Poisson  has 
;red  only  the  case  in  which  the  agitations  of  the  water  are 
Dtly  small  to  permit  us  to  neglect  the  square,  and  the  higher 
^of  the  velocities  and  displacements  of  the  molecules.  With- 
s  restriction,  the  problem  would  be  too  complicated  to  admit 
ition.  He  supposes  the  depth  of  the  water  constant  in  all  its 
;  so  that  the  bottom  of  the  water  is  a  horizontal  plain,  placed 
ren  distance  below  the  surface.  He  treats,  in  succession,  o£ 
le  of  a  fluid  contained  in  a  vertical  canal,  of  a  constant 
1  and  of  an  indefinite  length,  and  of  a  fluid  whose  surface 
a  indefinitely  in  all  directions. 

Bllmg  of  the  Mounts  d'Or  and  Dime.  By  Mons. 
id. 

I  is  a  continuation  of  the  levelling  of  the  environs  of  Cler- 
Perrand,  of  which  an  account  was  given  in  our  abstract  for 
The  city  of  Clermont  is  the  common  origin  from  which  all 
operations  commence.  To  measure  with  more  accuracy  the 
B  of  objects  at  a  great  distance,  it  was  requisite  to  obtm 
ediate  stations,  the  elevation  of  which  was  kno""*  ^ith  great 
ooip     After  having  settled  these  by  means  o^  tcrj 

Bi^nd  was  dmrous  to  try  them  by  trigonofloj  a. 

p2 
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M.  Broussard,  Chief  of  the  Battalion  of  Engineers,  who  was  than 
employed  in  the  department  of  Puy-de-Ddme  with  a  great  geodiK< 
aical  operation,  under  the  direction  of  the  general  depot  of  wirl 
furnished  this  comparison.  The  greatest  difference  between  roethow 
•o  different  was  two  metres,  and  this  happened  with  respect  tfll 
Mount  d'Or,  which  the  repeating  circle  could  only  determine  in^- 
rectly,  and  by  induction.  For  Puy-de-D6me  the  difference  amount 
only  to  a  metre,  and  for  Puy-de-Sancy  it  is  only  two  decimetres,  in 
a  height  of  1843  metres. 

After  having  thus  established  the  intermediate  stations,  M. 
Ramond  deduces  froni  them  the  height  of  80  mountains,  and  olf 
the  200  most  remarkable  points  in  that  country.  This  mathematical 
part,  the  only  one  which  belongs  to  the  sciences  which  are  the 
object  of  this  abstract,  constitutes  but  the  least  curious  part  of  the 
work.  'Vt\e  author  was  particularly  anxious  to  furnish  accurate 
measurements  for  the  purposes  of  natural  history.  He  examioei 
the  surface  from  his  levelling,  with  respect  to  the  origin  of  the  scn^' : 
and  under  every  point  of  view  which  belongs  to  physical  geography. 
Here  terminates  the  fragment  which  has  been  transmitted  to  us; 
and  we  regret  not  to  be  able  to  give  ^ny  idea  of  the  numeroeS' 
observations^  the  acute  views,  the  ingenious  conjectures,  which 
cause  us  to  wait  with  much  anxiety  for  the  reading  of  the  whole 
memoir. 

{To  be  continuecL) 


Article   XL 

SCIJKNTIFIC    intelligence;    AND    NOTICES   OF  SUBJECTS 

CONNECTED  WITH  SCIENCE. 

I.  Lectures. 

Medical  Theatre,  St,  Bartholomew's  Hospital. — ^The  following 
Courses  of  Lectures  will  be  delivered  at  this  theatre  during  the  en- 
suing winter  : — On  the  Theory  and  Practice  of  Medicine  ;  by  Dr. 
Hue. — On  Anatomy  and  Physiology ;  by  Mr.  Abernethy. — On 
Chemistry  and  Materia  Medica;  by  Dr.  Hue. — On  the  Theory 
and  Practice  of  Surgery ;  by  Mr.  Abernethy. — On  Midwifery;  by 
Dr.  Gooch  :  the  Demonstrations  of  Anatomy,  by  Mr.  Stanley,  to 
commence  on  Tuesday,  Oct.  1,  at  two  o'clock. 

Theatre  of  Anatomyy  Medicine^  &c.  Blenheim^street,  Gffof 
Marlborough'Street, — ^The  Autumnal  Course  of  Lectures  at  this 
School  will  begin  on  the  following  days  : — Atiatomy,  Physiology? 
and  Surgery,  by  Mr.  Brookes,  daily  at  two,  on  Tuesday,  Oct.  I, 
18UJ.  Dissections  as  usual.— Chemistry,  Materia  Medica,  &c. 
daWy  at  eight  in  the  morning.  Theory  and  Practice  of  Physi(? 
Mt  aine,  with  examinations,  by  Dr.  K^tx,  qw  ^owda^,  Oct,  J**^ 
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fbtee  courses  are  given  every  year,  each  occupying  nearly  four 
fliODths.  Further  particulars  may  be  known  from  Mr.  Brookes,  at 
the  Theatre;  or  from  Dr.  Ager,  69^  Margaret-street,  Cavendish- 
iqiuare. 

■  St.  George's  Medical^  Chemical^  and  Chirurgical  Schools. — ^The 
Courses  will  commence  the  first  week  in  October. — On  the  Laws 
of  the  Animal  Economy,  and  the  Practice  of  Physic ;  by  Dr.  G. 
Pearson. — On  Therapeutics,  with  Materia  Medica  and  Medical 
Jurisprudence;  by  Dr.  G.  Pearson  and  Mr.  Brande. — On  Che- 
mistry ;  by  Mr.  Brande. — On  the  Theory  and  Practice  of  Surgery; 
|>y  Mr.  Brodie.  —Sir  £.  Home  will  continue  to  give  Lectures  ou 
Surgery  gratuitously  to  the  pupils  of  St.  George's  Hospital. 

Mr.  Clarke  will  commence  his  winter  Courses  of  Lectures  on 
!didwifery,  and  the  Diseases  of  Women  and  Children,  on  Thurs- 
day, October  3.  The  lectures  are  read  every  morning,  from  a 
piarter  past  ten  to  a  quarter  past  eleven,  for  the  convenience  of 
indents  attending  the  hospitals,  at  the  lecture  room,  No.  10, 
Saville-row,  Burlington  Gardens. 

.  Mr.  Wilson  and  Mr.  Bell  will  commence  their  Lectures  on  Ana- 
tomy and  Surgery,  in  Great  Windmill-street,  on  Oct.  1,  at  two 
o'clock. — Mr.  Bell  will  deliver  a  separate  Course  of  Lectures  on 
Sttigery  in  the  evening. — ^The  Anatomical  Demonstrations  will  be 
given  by  Mr.  Shaw,  who  will  direct  the  students  iu  their  dbsections« 

Dr.  Clutterbuck  will  begin  his  Autumn  Course  of  Lectures  on 
the  Theory  and  Practice  of  Physic,  Materia  Medica,  and  Chemistry, 
on  Wednesday,  Oct.  2,  at  ten  o'clock  in  the  morning,  at  his 
louse.  No.  1,  in  the  Crescent,  New  Bridge-street,  Blackfriars. 

IL  Charcoal. 

Dobereiner^s  method  of  obtaining  what  he  considers  as  the 
aietallic  basis  of  charcoal  is  as  follows : — Mix  together  one  part  of 
very  finely  pounded  charcoal  with  one  part  of  black  oxide  of  man- 
ganese and  two  parts  of  iron  filings.  Put  the  mixture  into  a  black 
lead  crucible,  which  must  be  covered  with  a  lid.  Expose  it  for 
several  hours  to  a  white  heat.  By  this  process  he  obtains  an  alloy  of 
manganese  and  iron,  and  a  blackish  grey  substance  in  plates  having 
a  strong  metallic  lustre.  This  is  metal  of  charcoal  not  quite  free 
bom  iron  and  manganese.  But  these  metals  may  be  removed  by 
digestion  in  aqua  regia  and  muriatic  acid.  The  following  are  the 
properties  by  which  this  substance  is  distinguished  :-— 

Colour,  black  grey.  Lustre,  very  strong,  not  capable  of  being 
melted.  Does  not  burn  till  heated  white  hot.  Its  specific'  gravity 
is  3*5.    It  conducts  electricity,  and  combines  with  different  metals. 

These  properties,  which  are  all  that  Dobereiner  details  in  his 

Elements  of  Pharmaceutic  Chemistry,  just  published,  lead  to  the 

conclusion  that  the  substance  which  he  obtained  is  similar  in  its 

jpmperties  to  carburet  of  mangai  *^  "''ems  to  me  that  this  is 

)he  substance  which  be  has  iaj  ^houglihe  does.opi 


appear  to  be  aware  of  the  presence  of  raangnnfse  in  his  sh|| 
meial. 

III.  Insects  in  Switzerland, 

In  the  Annals  of  Philosophy  for  March,  vol.  vii,  p.  243,  tl 
appearaDce  of  a  great  number  of  caterpillars  on  the  snow  in  Smi>  I 
zerland  was  mentiuned.     I  have  since  aeen  it  noticed  in  one  of  tin  | 
Journals  that  these  insects  were  the  larvs  of  the  canlhar'ts fiata. 

IV.  Colouring  Matter  of  Blood. 

As  soon  as  the  presence  of  iron  In  blood  was  ascertained,  it  bi- 
came  fashionable  for  chemists  to  ascribe  to  it  the  cause  of  tbert 
colour  of  the  blood.  Fourcroy  and  Vauquetiii  affirmed  thai  the  ira 
was  in  the  state  of  a  subpliospijale  held  in  solution  by  the  serum, 
and  capable  of  altering  its  colour  when  acted  upon  by  air  aiw 
several  other  bodies.  Tliis  opinion  was  combated  in  l797''yJ'^' 
Wells,  who  endeavoured  to  prove  that  the  colouring  m«tter  of  the 
blood  is  not  iron,  but  an  animal  substance.  But  though  his  argu- 
ments are  simple,  ingenious,  and  convincing,  (Phil.  Trans.  179^ 
p.  416),  they  do  not  seem  to  have  drawn  any  attention  frooi 
chemists  or  physiologists. 

Berzelius,  however,  adopted  a  similar  opinion  to  that  of  Dr. 
Wells;  but  I  do  not  know  when  his  experiments  on  the  colooring 
matter  of  the  blood  were  made.  From  his  observations  on  the 
colour  of  blood  in  the  first  volume  of  his  Lectures  on  Aninul 
Chemistry,  published  in  ISOG,  he  seems  to  have  been  aware  at  thfl 
time  that  blood  does  not  owe  its  colour  to  pliospbate  of  iron,  though 
he  does  not  relate  any  experiments  on  the  globules,  which  indeed 
would  have  been  inconsistent  with  the  nature  of  his  work.  In  the 
Philosophical  Transactions  for  1812  Mr.  Brandc,  who  was  uflac- 
qnainted  with  what  Berzelius  bad  done  on  the  subject,  inserted! 
set  of  experiments  on  blood,  in  which  he  showed,  in  a  very  dtciitn 
manner,  that  the  colouring  matter  of  hlood  was  an  animal  »(*• 
stance,  capable  even  of  being  fixed  upon  cloih  as  a  dye. 

The  same  year  the  experiments  of  Berzelius  became  known  in 
this  coun'ry  by  bis  paper  containing  a  general  view  of  the  Comptt- 
aition  of  Animal  Fluids,  published  in  the  third  volume  of  the 
Medico-Chirurgieat  Transactions.  The  conclusions  of  BerzeliiU 
and  Brande  have  been  lately  confirmed  by  Vauquelin,  who  In* 
published  a  set  of  experiments  on  the  colouring  matter  of  blood  in 
the  first  number  of  the  Annales  de  Cbimic  et  Physique,  p.  9.  His 
method  of  obtaining  this  substance  is  as  follows  : — 

Take  the  coagulum  of  blood  well  drained  upon  b  searce,  aiiJ 
digest  it  in  four  parts  of  sulphuric  acid  diluted  with  eight  parts  of 
water  for  five  or  six  hours  at  ibe  temperature  of  I  B0°.  Filter  tfce 
liquid  while  hot,  and  wash  the  residuum  with  as  much  hot  water  »* 
you  have  employed  of  acid.  Evaporate  the  liquid  to  half  its  bulk) 
and  then  add  ammonia  till  only  a  slight  escess  of  acid 


The  cokmring  matter  precipitates.  When  it  baa  subsided*  decant 
otiP  the  clear  liquid*  add  pure  water^  let  the  colouring  matter  again 
subside^  and  again  decant  off  the  water.  Proceed  in  this  manner 
tilt  the  watai;,  ceases  to  precipitate  nitrate  of  barytas*  Theu<]ry  the 
colouring  matter  at  a  low  heat. 
This  matter  possesses  the  following  properties  :-r- 

1.  It  has  no  sensible  taste  nor  smell. 

2.  When  dry  it  appears  as  hlack  as  jet,  of  which  it  has  the  frac- 
ture and  lustre.  When  mixed  with  water  it  as^me^  a  wine-red 
colour,  but  does  not  dissolve  in  that  liquid. 

3.  It  dissolves  readily  both  in  acids  and  alkalies,  and  communi- 
cates a  purple  colour  to  these  liquids.  Its  solution  in  muriatic 
Mid  doea  not  alter  the  transparency  of  muriate  of  barytas.  Tbus 
9  shows  tbe  absence  of  sulphuric  acid. 

.  4*  Gallic  acid  and  pruss^ate  of  potash  produce  no  change  in  thf 
Ifiid  solutions  of  this  substance,  thus  demonstrating  the  ab^nce  of 
uop,  Tb^  infusion  of  nutgalla  throws  it  down  from  its  ^lution  in 
lodi,  but  does  not  alter  its  colour. 

;:  .6*  When  heated,  it  neither  alters  its  form  nor  colour^  If  thie^ 
bfat  b^  increased,  it  gives  out  tbe  u^ual  smell  of  animal  substancesn 
mi  fiirnisbes  carbonate  of  ammonia  and  a  purple  oil,  but  scarcely 
any  gas.  The  residue?  is  a  cfaarry  matter,  neither  soluble  in  acid^ 
^  alkalies* 

$•  When  dissolved  io  dilute  nitric  acid^^  tbe  colour  is  not  altered* 
Tbe  Kdutioo  is  not  altered  by  nitrate  of  silver,  but  nitrate  of  l^ 
WOWff  down  ^  brpw^  precipitate,  and  discolours  it  completely, 

V.  Analysis  of  Common  Air. 

Dr.  Prout,  in  his  important  paper  on  the  Relations  between  the 
Specific  Gravities  of  Bodies  in  their  gaseous  State  and  the  Weights 
gf  their  Atoms  {Annals  of  Philosophy^  vol.  vi.  p.  ^21),  cowiders 
QOmroon  air  as  a  chemical  compound  of  one  volume  oxygen  and 
four  volumes  azote,  or  of  one  atom  oxygen  and  two  atoms  a^ote* 
About  the  same  time  (November,  1815),  tlie  same  opinion  was 
maintained  by  Pobereiner,  in  a  paper  published  in  Schweigger's 
Journal.    According  to  this  opinion,  common  air  ought  to  be  com- 
posed of  20  measures  of  oxygen  and  80  of  azote,  instead  of  21 
oxygen  and  7^  azote,  which  is  the  common  estimate.     I  lately 
made  somf  experiments,  with  as  much  care  as  I  could,  in  order  to 
put  this  opinion  to  the  test.    I  consider  the  most  accurate  way  of 
analysing  common  air  to  be  to  mix  it  with  rather  more  than  -{-ths  of 
its  bulk  of  pure  hydrogen  gas,  and  to  bum  the  mixture  by  means  of 
an  electric  sparic.    The  third  part  of  the  volume  which  .has  disap- 
peared gives  the  volume  of  oxygen  present  in  the  mixture.     The 
following  experiments  leave  no  doubt  that  the  common  opinion  is 
t)it.  truf  one«    Tb«  air  whieh  I  aaalyswd  was  cplla^ted-in  &• 
James's  Park. 
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If  this  last  suppoaition  be  true,  and  it'  tantalum  eembiBc  only  i 
«oe  atom  af  oxygen,  ihen  the  weight  of  an  atom  of  it  will  ba  I 

Muriatic  acid  thrown  down  oxide  of  tantalum  from  its  combi 
tion  with  potashi  of  a  wliiie  colour.  If  this  oxide  be  well  was 
and  dried,  it  b  in  the  state  of  a  white  hydrate,  composed  of 
oxide  +  I2"5  water. 

It  would  appfttr  from  the  experiments  of  Berzelius  that  the  o; 
of  tantalum  possesses  acid  properties. 

He  alloyed  several  metals  with  tantalum,  as  tungsten  and  i 
(See  AfhaJodlingar,  vol.  iv.  p.  253.) 

IX.  TanlaiitB. 
Berzeliua  has  made  a  new  analysis  of  the  tantalite  from  Finli 
which  had  been  previously  examined  hy  Ekeberg.  The  spei 
gravity  of  one  specimen  was  ^^^1M■,  of  another,  as  determinei 
Ekeberg,  7'93ti.  He  found  the  constituents  uf  the  first  spceii 
u  follows  i— 

O^ide  of  tantalum 

Oxide  of  iron , V%M 

Oxide  of  manganese   7*4j 

Oxide  of  tin    "  " 

9841 

He  considers  it  as  a  compound  of  tantalate  of  iron  and' 
«f  manganese.     (See  Afhanilliiigar,  vol.  iv.  p.  262.) 

X.  YitTotanlalite. 
Of  this  mineral  from  the  quarry  of  Yttetby,  in  Sweden,  w] 
was  first  noticed  by  £keherg,  uerzclius  has  described  three  varie 
which  he  distinguishes  from  each  other  by  tlie  following  names : 

1.  Black  YltroianlalUe. — Colour  black.  Fracture  in  one  d! 
lion  foli-'ed.  Lustre  glimmering,  metallic.  Fragments  ind( 
minaie.  Easily  frangible.  Powder  grey.  Opake.  Hard  eoc 
to  scratch  glass.  Specific  gravity  5'3y5.  Decrepitates  feebly  " 
the  blow-pipe,  betomes  dark  brown,  but  does  not  melt. 

It  is  composed  of 

Oxide  of  tantalum    57*^  1 

Tungstic  acid 8-25  J 

Yttria    20-a^ 

Lime 6'2& .] 

Oxide  of  iron    S'uQ 

Oxide  of  uranium O'^o 

9575 

2.  Yellow  Yllrolantaliie. — Colour  yellowish  brown,  with  spo 
green;  frequently  with  streaks  and  lines  of  green.  Longituc 
fracture  foliated;  cross  fracture  conchoidul;  fracture  of  the  dtSI 
Foocrsiioat  fine  grtmultM-.  l^ttre  of  the  principal  fncture^ 
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emu  Aictim  ▼itreoat.     Opaka.    Ghrm  t  white  pew4eff» 
glati  vmnf  readily.  Speoifie  graritj,  according  to  Ekeberf^ 
Dm  not  fuse  before  the  blow-pipe;   but  decrepitates 
r^  and  its  ooloar  becomes  light  straw-yellow. 
T&e  analysis  of  this  variety  by  meaDs  of  sulphate  of  potash  gavr 

Oxide  of  tantalum 60*124 

Yttria 29780 

Lime  0*500 

Oxide  of  uranium    6*622 

Oxide  of  iron 1*1 55 

Tungstic  acid  with  tin    1*044 
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^'  99'226 

^  Ihe  analy3is  of  the  same  variety  by  means  of  carbonate  of  soda 


Oxide  of  tantalum   59*50 

Yttria • . , .  24*90 

JLime 8*29 

Oxide  of  uranium    •...,.«...    3*28 

Oxide  of  iron ..*.....    2*72 

Tuogsticacld    « 1*25 
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94*89 

8.  Dark  Yitrotantalite. — Colour  black,  with  scarcely  a  shade  of 

hown.    Fracture  conchoidal.     Lustre  between   vitreous  and  r«^ 

fineus.      In   thin  fragments  translucent,   and  almost  colourless* 

[^  Gives  a  white  powder.     Hardness  the  same  as  of  the  preceding 

^'    variety.     Specific  gravity  not  determined.    Does  not  fuse  before  the 

^   WPVi^*I^p^f  hut  decrepitates  feebly,  and  becomes  light  yelk>w* 

The  analysis  of  this  variety  gave  the  following  constituents  :-^ 

pxide  of  tantalum  ......  ^ 51*815 

Yttria  , . , , 38*51> 

Lime   ,,.,t., - n    8-260 

Oxide  pf  uranium » • . «     1*1  U 

Tungstic  acid  with  tin , , , « .     3*592 

Oxide  of  iron 0*555 

97*848 
(See  Af  handlingar^  vol.  iv.  p.  26?.) 

XL  Sulphuric  Acid. 

I  find  the  specific  gravity  of  sulphuric  aeid  free  fifom  water» 
tt  the  temperature  of  60^,  to  be  1*8777.  Now  sulphuric  acid 
M  the  specific  gravity  1*85  contains  19  per  cent,  of  water.  Sup- 
poring  no  condensation  to  take  place,  its  specific  gravity  would 
W  1*7109.  This  fact  enables  us  to  calculate  the  degree  of  con* 
dematkm  that  takes  place  in  acid  of  all  different  degrees  of  strength, 
It^^be  fouod  that  the  greatest  condensatieii  takes  \^^  >ii>DftXk  ^1^ 
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atom  of  acid  combtJics  witli  two  Btoms  of  water,  which 
acid  of  the  specific  gravity  l-7t>0.     The  condensatioa  is 
tame  wt>eii  one  atom  and  when  three  atoms  of  water  combii 
ooe  atom  of  acid.     The  following  little  table  nill  show 
deusatioD  in  these  cases : — 

Sp.  Gr. 
Acid,  Water.  Sp.  Cr.  luppaaiiig  Coadeniatit 

atom  +  0  atom  . .  1-6777 

+      1    1-850  1--1  O-140 

+      2    17S0  1-596  O'lSl 

+     3    l-6a0  1-511  0-13G. 

+    10    1-300  1-2G3  O-OS? 

+   17    l-:^00  1-175  0-025 

XII.  Method  of  removing  old  Puthj  from  Glass. 
On  this  subject  I  have  received  the  following  communicatiaB' 
from  Dr.  Reid  Clanny,  of  Sunderland  : — 

"  Some  time  ago  I  observed  a  request  from  one  of  your  Corres- 
pondents to  know  the  best  and  shortest  method  for  removing  hard 
putty  from  window-frames,  &c.  It  lias  lately  come  to  my  know- 
ledge that  iron,  when  heated,  will  melt  the  putty,  and  readi^ 
permit  the  glass,  or  any  other  substance,  to  be  detached.  Thu 
plan  has  been  used  by  a  person  whom  I  know  for  several  years.  He 
says  that  when  a  mass  of  putty  becomes  hard  by  being  kept  (oo 
long  before  it  is  used,  the  best  plan  is  to  put  it  into  a  tin  vessel,  nixt 
beep  it  in  a  moderately  heated  common  oven,  when  it  will  again  be 
fit  for  use." 

XIII.  Gadolinite. 

Berzelius    has  lately  subjected  this  mineral  to  a  very  earefiil 

tnalysis.     He  found  gadolinite  from  Finbo  composed  of  "  ' 

Silica     25-SO 

Yttrla     45-00 

Oxide  of  cerium   16-69 

Oxide  of  iron     ' 10-26 

Volatile  matter O-GO 

98-35 
He  found  the  constituents  of  gadolinite  from  Broddbo  to  be 

Silica     ai-lS 

Yttria     45-93 

Oxide  of  cerium  16-90 

Oside  of  iron    J 1-34 

Volatile  matter 0-60 

98-93 
Berzetius  considers  it  as  composed  of  f  S  +  ce'  S  -H  8,VS^i 
^See  Afhandlingar,  vol.  iv.  p.  217.) 
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\  XIV.  Topaz  and  Pyrophysalite. 

These-  minerals  are  characterized  by  the  fluoric  acid  which  they 
Kitain.  They  have  been  analysed  by  different  persons^  but  their 
goits  do  not  correspond  quite  exactly.  Berzelius  has  lately  sub- 
cted  them  to  a  very  rigid  examination.  The  following  table  ex* 
bits  the  results  which  he  obtained : — 

AlumiDa.  Silica.         fluoric  Acid.  Total. 

irazilian  topaz  .•..  58*38  ....  S4'0I  ....  7*79  ....  100*J» 

axon  topaz    57'45  ....  34-24  ....  7*76  ....     99*44 

yophysalite 5774  ....  34-36  ....  7'77  ....     99-87 

chorlous  beiyl  ....  51-00  ....  38-43  8-84  ....     98*27 

He  considers  these  minerals,  the  first  three  of  which  obviously 
lelong  to  the  same  species,  as  composed  of  A*  Fl  +  3  A  S,  and 
he  last  of  A  Fl  +  3  A  S.     (See  Af  handlingar^  vol.  iv.  p.  236*.) 

XV.  Tungsten* 

Only  two  species  of  mineral  containing  this  metal  are  at  present 
known ;  namely,  wolfram  and  tungstate  of  lime.  Berzelius  has 
btely  subjected  both  these  minerak  to  analysis.  He  found  tjhe 
coostituenu  of  wolfram 

Tungstic  acid 78*775 

Oxide  of  iron 18-320 

Oxide  of  manganese 6*220 

Silica 1-250 

104-565 

He  cpnsiders  it  as  Mg  T  +  3  Fe  T^  or  a  compound  of  three 
ttoms  of  tungstate  of  iron  and  one  atom  of  tungstate  of  manganese^ 
Tungstate  of  lime  he  found  composed  of 

Tungstic  acid 80-417 

Lime   19-400 

99-817 
(See  Afhandlingar^  vol.  iv.  p.  293.) 


Article  XII. 


New  Patents. 

Geoegb  Bodlbt,  of  Exeter,  ironfounder;  for  an  improved 
"^llic  engine,  to  work  eit  xi  or  water,  which  he  deno- 
minates Bodley's  improved  r  *^-    April  27,  1816. 

JoriN  CoLLYKR,  of  Wis  '  J  foT  a  machine 
for  shearing  woollen  cloths. 


909  New  Patents. 

John  Rangeley,  of  Oakwell  Hall,  Yorkshire ;  for  c 
ther  improvemetiiB  of  his  hydropneumatic  engine,  being 
unproved  method  of  constructing  and  working  engines  or 
for  tifiiiig  or  niising  of  weights,  turning  machinery  of  all  dcKii) 
tions,  draniog  carriages  on  ruilways,  and  capable  of  being  a^M 
to  all  purposes  where  mechanical  power  ii  required.     May  4,  Hit,. 

RoBKHT  Copland,  of  Liverpool,  merchant;  for  a  m»Di  rf 
efifecting  a  saving  in  the  consumption  of  fuel.     May  'I,  1816. 

William  Thukadgold,  of  Farm-street,  Berkeley  square,  w^ 
vtfyor  and  builder;  far  a  machine  or  apparatus  lo  prevent  obttnie* 
tions  to  ibe  {lassage  of  smuke  in  and  through  chimneys.  May  ^, 
1616. 

Richard  Banks,  of  Hadlcy,  Salop,  engineer;  for  certain i|ii> 
provemetus  on  wiieeled  carriages.     May  4,  181(1, 

Bknjamin  Kotch,  lale  oI  Casile  Hiill,  Alilford  Havei^  nowU 
Bath;  for  a  flexible  elastic  horse-shoe,  for  the  purpose  of  alkiwilf 
the  foot  of  the  horse  its  natural  motion  when  shod,   May  1 1,  IBI6. 

Daniel  Wilson,  of  Usher-street,  Dubhn,  chemist;  for  cectiia  | 
flew  and  iinproved  apparatus  to  he  employed  in  the  di^tlllmiob  of 
Animal,  vegetable,  and  mineral  substances,  and  in  varloiA  oibtf 
processes.     May  14,   1816. 

Thomas  Ruxton,  of  Dublin,  Esq.  ;  for  a  lock  for  fasteniif 
doors,  gates,  drawers,  desks,  trunks,  boxes,  portmanteaus,  and  other 
things  requiring  fastenings,  which  he  conceives  will  be  of  great 
public  utility.     May  14,  ISIG. 

Jean  Samuel  Pauly,  of  Kniglitsbridge ;  for  certain  improfe* 
ments  in  the  construction  and  use  of  fire-arms.     May  14,  JS16, 

William  Sihhons,  of  Wigan,  wriiing  master,  &c. ;  foice> 
tain  improvements  applicable  to  keyed  iiistrumenis,  as  the  organ) 
pianoforte,  harpsichord,  or  any  other  instrument  or  set  oft  instw- 
menis  to  which  keys  are,  or  may,  or  can  be  affixed.    May  14,  1816. 

Richard  Francis  Hawkins,  of  Woolwich ;  for  a  method, 
plan,  or  principle,  by  which  tunnel  or  tunnels,  archway  or  arch- 
ways, may  be  constructed  or  effected  under  the  river  Thames,  Dt 
other  rivers,  for  the  passages  of  cattle,  foot  passengers,  aitd  oibei 
purposes.     May  14,  1816. 

Pbilip  TavLor,  of  Bromley,  merchant  i  for  a  method  O' 
applying  heat  to  liquors,  and  in  the  processes  of  brewing,  distiliio^ 
and  sugar  refining.     May  25,    1SI6. 

Fhancis   Ricrard.son,  of  Queen-Street,  Westminster,  Esq. 
for  improvements  in  (he  locks  and  barrels  of  fire-arms;   and  als* 
an  improvement  or  addition  to  hMyoneis.     May  25,   18IC. 

Chbi^ofh  Dihl,  erf  New  Bond-street,  Esq. ;  ftir  au  improie- 
ment  or  improvements  in  the  making  mastic  cement  or  composhiov 
and  in  the  mode  of  working  and  applying  the  same  lo  useful  puT* 
poses;  which  cement  or  compositton  be  calls  Dihl's  Mastic.  UO 
25,  1816.  "^^ 
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<t  obaervation*  in  each  ItDe  of  (he  table  apply  to  a  period  of  twfatj-toMt . 
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MO  Meteorological  JoumaK  [Sjbpt.  ] 


REMARKS. 

Jtdy  18. — Squally  day.  19^.  Rainy  morning:  very  boist 
wind  all  day,  with  showers.  20.  Fine  morning.  21.  Sho 
day :  a  strong  breeze  from  the  S.  W.  24.  Wind  variable : 
liuny  ^ay  :  some  thunder  in  tjhe  afternoon :  a  Stratus  on 
marshes  at  night.  25J  Foggy  morning:  a  Stratuh  on  the  mai 
at  night.  30.  A  heavy  shower  of  rain  between  one  and  two  o'e 
p.m.:  some  haiL  31.  Very  foggy  morning:  a  thunder  stor 
the  evening. 

Aug.  2. — Showery  day.  5.  Foggy  morning:  trees  dripp 
some  thunder  in  the  afternoon :  very  rainy  night. 

RESULTS. 

Winds  variable  :  chiefly  S.  W.  and  N.W. 

Barometer:  Greatest  height 30*06  inches 

Least 29-48 

,  Mean  of  the  period  ....  29*771 

Thermometer:  Greatest  height 81° 

Least 41 

Mean  of  the  period  ....  60*4 

Evaporation,  3*57  inches.        Rain,  2*41  inches. 

Laboratory,  Stratford,  Essex,  JOHN  GIBSO 

Aug.  20,  1816. 

*•*  During  the  absence  of  Mr.  Howard,  the  Editor  has  been  faToured  ^ 
a  coatinvation  of  the  Joarnal  b]f  his  friend  Mr.  Gibson. 
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ANNALS 
PHILOSOPHY.    ^^^J 

OCTOBER,   1816. 

Article  I. 

teiptim  of  a  Hen  having  Ike  Profile  of  the  Human  Face,wUhi  ' 
some  Observations,    By  Professor  Fischer.* 

{Wilh  a  Plate.) 

EVER  has  a  hen  atlracted  so  much  attention ;  never  has  any 
Dal,  even  the  most  rare,  so  greatly  excited  the  curiosity  of  the 

STblic,  as  the  hen  with  the  human  profile,  which  was  founa  in  the 
btriet  of  Belcf,  in  the  government  of  Tula,  and  sent  to  the  Impe- 
rial University  of  Moscow  by  his  Escellency  the  Civil  Governor, 
Mr.  BogdaoofF. 

1  had  no  sooner  received  this  hen  with  the  human  profile  than  the 
curious  presented  themselves  to  see  it;  and  the  number  of  visitors 
increased  so  greatly,  from  day  to  day,  from  hour  to  hour,  tliat  fre- 
quently my  chamber  could  not  contain  them ;  so  that  I  was  obliged 
'o  fix  certain  days  for  exposing  this  animal  to  public  view. 

For  the  satisfaction  of  such  individuals  as  have  not  had  an  oppor- 
Unity  of  seeing  this  animal,  I  here  present  them  with  a  faithful 
ilcetch,  accompanied  with  some  observations. 

The  hen  is  of  the  middle  size,  i.  e,  eight  inches  high,  and  14 
ong.  Her  feathers  are  of  a  pearlish-grey  colour,  and  brown  ia 
mme  places,  particularly  at  the  points.  The  form  of  her  body,  as 
Veil  as  her  manner  of  living,  is  the  same  as  that  of  other  hens; 
'>ut  her  head  presents  an  extraordinary  phenomenon ;  for  at  the 
Wace  where  the  beak  ought  to  be  she  exhibits  a  human  profile,  re- 
'>Ung  tliat  of  an  old  woman.     The  beak  is  entirely  wanting; 

taiul«tfil  alinott  vcilialiin  from  Ibe  Rass,  with  lome  aditilionE  fram  Iht 
HicdUlMi,  by  Dr.  Ljoll,  phpiciu  tu  Count  OiloT,  ktM>H<:a'*. 

,  V/tt  S'lV.  Q 
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Description  of  a  Hen 
and  the  jaw-bones,  or  jaws,  are  shortened  in  such  a  mam 
they  terminate  where,  iu  oilier  hens,  ihe  nosrriU  are  found, 
are  covered  with  flesh,  and  resemble  lips.  The  comb,  in 
view,  in  this  heo,  furms  a  kind  df  nose ;  which  appears  Ihi 
astonishing,  as  the  nostrils  are  found  between  the  teri^ini 
this  nose  and  the  jaw;  but  we  are  most  lialile  to  be  deceivi 
we  sec,  as  sometimes  happens,  some  drops  of  liquid  ii 
when  the  duht  is  accumulated  there.  To  the  inferior  jaw 
a  fleshy  excrescence,  not  to  be  found  in  other  hens,  and 
forms  a  kind  uf  chin.  This  chin  is  bare,  or  naked>  with 
ception  of  somC  hairs  of  beard,  and  is  prolonged  with  naki 
even  to  the  cars,  as  in  other  hens.  The  eyes  are  round  and' 
aud  surrounded  with  on  iris  of  a  cinnubar-red  colour.  The 
the  head  under  the  eyes  are  of  a  flesh  colour,  mised  with  bii 
almost  n^ked,  or  covered,  like  tho  chin,  with  a  kind  of  stif 
which  form  towards  the  ears  a  sort  of  whiskers,  and  com 
aperture  of  the  ear.  (See  Plate  LVI.  Fig.  1.)  These  peculif 
the  head,  united,  present  a  great  resemblance  between  th< 
of  this  hen  and  that  of  an  old  woman,  particularly  if  one 
attend  to  the  tult  of  feathers  on  the  head  of  this  animal; 
longer  and  more  attentively  we  look  at  this  profile,  especialljj 
the  hen  leeds^  the  more  striking  does  the  resemblance  beco 
consequence  of  this  conformation,  (lie  animal  cannot  take 
of  food  which  suits  it.  As  Ihe  beak  is  wanting,  and  has  for 
tute  a  kind  of  mouth,  it  is  very  difficult  for  her  to  eat,  and  *dft 
more  so  to  collect  grains.  The  too  great  advancement  of  the  W* 
trils  prevents  her  altogether  from  drinking;  it  is,  therefore,  ncces* 
sarv  tt)  feed  her  with  bread  soaked  in  water  or  in  milk.  She  prefers 
eating  white  bread  with  cream ;  and  when  hemp-seeds  are  presented 
to  her  in  the  hand,  she  appears  to  swallow  them  with  great  avidit)-; 
yet  she  likes,  as  well  as  all  other  hens,  hashed  meat,  corn,  Ac.  I 
have  h^ard  that  she  has  also  been  seen  to  cat  cheese  with  nnch 
eagerness.  She  is  very  tame,  as  is  the  case  with  all  birds  whlcli 
have  the  beak  maimed,  whether  done  by  the  hand  of  man  or  by 
chance.  She  prefers  eating  from  the  hand,  ai  the  soft  parts  abort 
the  mouth  (the  comb  and  under  chin)  are  soon  injured  when  sheii 
obliged  to  peck  her  nourishment  on  hard  bodies. 

Since  1  have  had  her  in  my  chamber,  and  nourished  her  froiD 
my  hand,  she  knows  me  very  well,  and  approaches  the  place  where 
I  sit,  whether  while  dining  or  drinking  tea,  and  calls  for  somcttung 
to  eat  by  a  particular  cry.  Her  voice,  although  feeble,  resetnbla 
that  of  other  hens ;  and  often,  when  alone,  she  cackles  like  a  ken 
shout  to  lay.  Notwithstanding  the  loss  of  the  beak,  after  kaTiU 
eaten  she  makes  the  ordinary  motions  of  the  head  to  wipe  uS 
clean  the  two  sides  of  the  jaw  upon  hard  bodies,  as  on  the  table  of 
the  groimd.  This  hen  appears  better  pleased  to-be  in  htrau" 
society  than  among  other  fowls,  When  another  hen  is  caniedinW 
the  chamber,  and  placed  near  lier,  she  begins  to  be  angry,  lets 
her  mags  ia\\,  swells  aud  raises  hcuelf,  and  miilies  a  noise  like  ll»t 
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of  a  cock  which  is  prepariog  for  coipbat.  In  the  kitchen  the  is  at 
continual  warfare  with  the  other  hens^  which  she  chases ;  but  she 
tcrself  takes  to  flight  as  soon  as  she  perceives  the  cock.  The  cock 
apiiears  now,  however,  to  inspire  more  confidence ;  and  we  have 
tbe  best  founded  hope  that  a  favourable  connexion  will  take  place 
Ictween  tliem.  In  the  open  air  she  appears  to  be  timid ;  and  she 
conceals  herself  among  the  grass  on  the  approach  of  crows  or  birds 
of  prey,  or  on  tbe  least  noise.  If  she  happens  to  be  at  the  chamber 
viadaw,  and  to  observe  crows  passing,  she  sinks  at  every  one  of  their 
^aofements,  and  gapes  with  fear.  Tins  hen  was  changing  her 
itttfaersr  when  I  received  her  (four  months  ^go)^  and  the  change  \t 
BOtyet  finished,  which  proves  that  it  is  more  slowly  effected  than  in 
Other  hens,  because  her  nourishment,  being  insufficient,  renders 
bar  unhealthy ;  yet  the  feathers  become  more  thick  and  lucid,  and 
^  plume  on  the  head  and  neck  is  become  much  more  bushy.  The 
fcct  are  strong,  and  the  scales  which  cover  them  are  almost  the 
.lune  as  those  of  a  hen  of  two  years  of  age.  She  is  without  spurs  ^ 
lod  1  am  unable  to  determine  whether  she  was  hatched  without 
them,  or  has  lost  them  in  battle,  or  by  cold.  On  the  right  foot  one 
Bill  is  deficient,  and  on  the  left  two. 

This  is  a  true  description  of  the  hen,  and  of  the  facts  whicli  I 
kve  observed. 

I  intend  now  to  answer  some  questions  which  many  of  my  readers 
My  wish  to  propose. 

First  Question. — Does  this  hen  in  reality  exhibit  the  profile  of  a 
hiipan  face  ? 

She  is  constructed  in  the  same  way  as  other  hens  ;  but  the  more 
«e  observe  her  laterally,  the  more  we  find,  in  the  profile  of  the 
htfld  the  resemblance  to  that  of  an  old  woman.  But  this  signifies 
Boching;  it  only  proves  that  one  object  may  resemble  another;  as, 
be  example,  tliat  a  cloud  may  have  the  figure  of  a  lion,  or  the  head 
of  a  fly,  bruized  among  sheets  of  paper,  may  resemble  the  head  of 
la  American  crocodile ;  and  so  with  a  thousand  other  objects.  It 
k  certain  that  man  in  his  features  appears  to  resemble  an  animal 
iBore  or  less ;  as  we  sometimes  sec  the  nose  on  the  human  face  like 
•a  eagle's,  but  no  one  is  offended.  Indeed  every  one  who  has 
observed  his  fellow^  creatures  with  a  little  attention  will  have  re* 
ttMrkedthis.  This  Ims  been  observed  by  Posta,  Goree,  Lavater, 
and  many  others.  They  have  rendered  themselves  more  compre- 
liensible  to  the  senses  by  figures.  Yet  there  never  has  been  found 
imy  animal  which  resembles  man  in  its  exterior  form.  Whatever 
liM  been  exhibited  of  this  kind  was  the  efiect  of  imposture,  as  was 
the  ease  at  Erfurth  wkh  the  shaved  pig  with  the  human  hand,  and 
^h  the  shaved  bear  at  Gottingen ;  as  those  who  have  described 
Aera  Iwve  added  much  more  than  a  reasonable  view  could  possibly 
tJiieover^    I  do  not  wish  to  e  the  many  writers  who  have 

cadeavoured,  during  a  eertai  o  occupy  the  imagination  of 

■sen  by  figures  invented,  aaa  b^    '     ""^racles  of  Nature. 

Ib  deluliDg^  however,  tbe  tns  ^  of  this  hfiu^ 
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we  do  not  wish  to  persuade  outselves  thai,  besides  the  visuati 
like  that  of  man,  which  is  produced  by  the  want  of  the  bea' 
which  is  certainly  very  remarkable,  that  there  is  any  thing  . 
natural.  By  the  shortening  o{  the  jaws,  the  comb  is  found ' 
prolonged,  and  iis  extremity  is  become  more  thickened,  and  " 
than  ordinary,  perhaps  by  the  diflicuhy  which  she  has  to  pe 
nourishment.  'Hie  redness  of  the  comb  and  of  the  chin  ia,] 
animals  appears  to  vary  as  the  redness  of  the  cheeks  of  maa, 
are  more  or  less  pale  at  different  times.  The  thick  comb, 
at  its  extremity  assumes  the  form  of  a  bunch  of  grapes, 
a  nose  in  front,  as  well  as  in  proF.le.  The  nostrils  are  foui 
below  the  nose ;  yet  they  do  not  ascend,  as  in  the  human  boi 
descend,  and  terminate  in  the  upper  jaw.  Tliey  are  small<  ,^^ 
ordinary,  and  are  unequal,  that  on  the  right  side  even  appcarisglRl 
be  closed.  By  the  shortening  of  the  jaws,  the  mouth  is  rendered 
smaller,  and  thus  forms  below  a  kind  of  a  bag,  which  lakes  the 
place  of  the  chin.  The  chin  of  this  hen  is  nothing  else  th&n  ilie 
enlargement  of  a  naked  skin,  which  is  found  under  the  throat,  oral 
the  Jaw  of  all  hens,  or  an  enlargement  of  the  throat  itself. 

Second  Qtieslion. — Was  this  hen  hatched  with  this  appearance, 
or  her  beak  been  shortened,  when  a  chicken,  by  chance  or  by  aitl, 
1  think  this  animal  was  hatched  in  the  state  in  which  she  is ;  for 
Nature  has  constructed  her  beak,  although  simple,  yet  with  mucti 
ait.  It  is  covered  in  such  a  manner  with  horn,  which  is  firmlf 
connected  to  the  jaws,  that  the  beak  could  not  be  pulled  away  with- 
out breaking  in  the  middle,  injuring  a  part  of  the  tongue,  and  thin 
occasioning  the  inevitable  death  of  the  animal.  To  render  ihii 
truth  yet  more  evident,  let  us  suppose  a  shortening  of  the  beak  by 
art.  What  would  be  the  consequence  of  such  a  mutilation  ?  The 
sides  of  the  jaw  would  be  uncovered,  and  that  on  the  right  side 
■would  always  be  separated  from  that  on  the  left.  The  tongue  would 
he  lost,  even  to  the  lamdoidal  suture,  and  have,  by  its  coHtinual 
and  trembhng  motion,  been  extremely  difficult  to  cure ;  or,  in 
case  of  repose,  would  have  attached  itself  to  the  inferior  jaw,  and 
formed  one  body  with  it.  In  £ne,  the  animal  would  have  perished 
from  want,  before  the  cure  could  have  been  completed.  If  we 
could  even  suppose  the  possibility  of  a  less  fortunate  cure,  we 
should  now  be  able  to  see  the  cicatrices  of  the  wounds;  yet  the 
parts  appear  to  be  connected  oalurally.  The  tongue  Is  short  and 
fleshy,  and  has  the  form  of  a  triangular  and  arched  spade.  (Set 
Fig.  3.)  In  the  palate  we  observe  some  furrows,  which,  however» 
cannot  be  compared  (o  teeth. 

Perhaps  it  may  he  opposed  to  this  reasoning  that  a  chick  forawd 
in  the  egg  without  a  beak  would  not  be  able  to  break  iu  calcareou) 
envelope,  the  shell,  and  consequently  would  be  unable  to  get  oat  of 
it.  Although  it  be  true  that  the  chick  often  opens  with  its  beak 
the  prison  in  which  it  is  enclosed,  during  its  developement ;  never- 
theless it  often  happens  that  the  shell  is  burst  or  split,  in  all  It* 
IcDf  th,  by  the  growth  and  nourishment  of  the  chick.     Besides,  it 
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t  be  considered  that  mucli  less  force  is  requisite  to  break  the 
I  from  the  interior  than  from  the  exterior.  We  often  find  aa 
Iwith  the  shell  broken,  whilst  the  chick  is  entirely  envc- 
n  in  that  interior  skin,  or  in  that  bumid  envelope,  whith  sur- 
Is  it. 

ird  Question. — Does  this  singular  conformation  of  the  hea 
ite  something  supernatural  ?  Ii  indicates  nothing  at  all.  I 
have  passed  this  question  in  silence,  had  it  not  been  ad- 
',  to  me  by  many  individuals.  But  my  answer  could  not 
ily  those  who  sought,  Jn  this  extraordinary  form,  nn  extraordinary 
design ;  because  they  sought  an  augury  where  there  was  none,  Be- 
odea,  it  is  not  unusual  to  find  chicks  deformed,  especially  in  places 
wiiere  they  have  been  hatched  by  an  artificial  heat.  There  we  may 
find  some  hatched  without  a  beak,  without  wings,  without  legs, 
but  they  do  not  attract  altenlion,  as  they  cannot  exist  without  the 
assistance  of  man;  and  as  the  poultry  dealers  only  want  complete 
inilDah,  on  which  they  may  reckon  a  neat  profit,  the  most  curious 
are  seldom  preserved  by  tliem  for  naturalists  or  the  utility  of  science. 
Tea  years  ago  there  was  exhibited  publicly  in  Poland  a  hen  which 
nsembledours.  In  short.  Nature,  though  always  the  most  perfect 
in  her  works,  yet  may  be  led  from  her  usual  path  by  circumstances 
tinkoown  to  man,  or  at  least  may  be  interrupted  in  her  operations, 
la  the  process  of  formation  the  equilibrium  of  the  seed  may  be 
broken  by  the  slightest  touch,  and  produce  a  protuberance  ;  and  the 
inhabitant  of  the  thickest  shell  covers  w^th  calcareous  layers  the 
places  which  a  parasite  or  a  piercing  animal  threatens  to  bore,  eveti 
li!l  it  has  rendered  the  smooth  place  of  its  habitation,  so  small  that 
It  length  it  perishes  itself. 

The  Fourth  and  la>t  Question. — In  what  point  of  view  do  natu- 
nlists  regard  this  curiosity  ?  Naturalists  consider  thi;  animal  aa  aa 
irregularity  of  Nature,  or,  lusus  natures,  as  a  monster.  Monster 
ii  the  general  term  of  naturaiists  and  anatomists  for  every  organic 
body  which  exists  in  its  formation  something  removed  from  the 
general  laws  according  to  which  those  of  its  kind  are  formed.  This 
deviation  of  nature  may  consist  in  the  absence,  or  supcrabutidancef 
Or  overgrowth,  of  some  of  the  parts,  or  of  the  whole  of  organic 
bodies ;  and  thus  they  may  be  double,  or  in  plurality,  or  in  defi- 
ciency or  deformity  of  some  of  the  parts,  or  of  the  whole.  In 
■buseunu  it  is  not  rare  to  find  quadrupeds  with  two  heads,  eight 
feet,  &e.  Thus  by  the  kindness  of  liis  Excellency  Mr.  Paul 
Golenitschelf  Kutusnif,  Curator  of  the  University,  &c.,  and  that 
of  his  Excellency  Mr.  Nicholas  Vscvoloschsky,  Vice-President  o£ 
duMedieo-Chirurgical  Academy,  &c.  our  museum  has  been  en. 
llehed  with  two  remarkable  objects  of  this  kind — two  chickens, 
Cftch  wl'h  four  feet.  Those  monsters  of  the  second  division,  those 
*ith  deficiency  or  malconformed  parts ;  such,  for  example,  as  living 
Indies  with  only  one  eye.  Thus  we  have  in  the  Museum  of  thi 
Vbiyeisity  a  ituBed  dog  witli  only  one  eye,  placed  in  the  middle 
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tiie  brow.  I  have  seen  here,  in  Moscow,  a  living  calf  with  xhfH 
legs,  which  oould  leap  very  nimbly.  Oar  hen  without  the  besk 
will  always  be  a  great  curiosity  for  our  museum,  and  we  ate  indebtel 
to  Mr.  Bogdanoff  for  his  politeness  and  attention. 

If  the  last  division,  that  of  deformed  or  deficient  bodies,  to  whieh 
our  hen  belongs,  appears  to  be  more  rare,  we  must  attribute  it  to 
the  want  of  attention,  because  we  give  less  heed  when  parts  m 
vi^nting  than  when  they  are  superfluous.  An  amateur  o(  simitar 
deformities  will  find  a  rich  treasure  of  observations  in  the  works  of 
Regnault,  Semmering,  Blumenbach,  and  others.  It  remains  for  phy- 
siologists to  show  how  such  deformities  have  their  origin.  May  1  he 
permitted  just  to  add  here  a  single  idea,  which,  if  it  be  not  itself  a 
sufficient  reason,  appears,  however,  to  be  in  the  way  of  fadlitatng 
the  road  to  truth.  Thera  reigns  in  all  oi^nized  nature  an  eterml 
tendency  to  transformation,  which  may  be  looked  upon  as  a  grada- 
tion of  increase,  according  to  positive  laws.  This  transformatioQ  k 
lasost  evident  in  insects  and  in  frogs,  which,  before  arriving-  at  theii 
full  siee,  assume  extraordinary  forms.  But  this  transformation  fl 
not  wanting  in  any  organic  body,  not  even  in  plants,  as  Goetlib 
shows  so  well,  and  with  so  much  force,  in  their  green  periods  (i.  e< 
on  the  earth),  and  is  yet  bettet  demonstrated  In  their  6119c  ^Htgln 
(t.  tf.  in  the  first  devefopement  of  the  gnrms  of  plants,  yet  enctoM 
in  the  earth)  than  by  any  other  means.  This  mystery  is  profound^ 
concealed  in  the  noost  elefated  classes  of  animate.  It  appears  t^ 
partake  of  the  nature  of  prodigy  when  it  has  attained  the  most  is* 
ferior  degrees  ^f  organization.  How  great  ought  to  be  the  tiaa^ 
formation  which  takes  places  in  a  drop  of  water,  which,  although 
it  appears  clear  and  limpid,  encloses  myriads  of  aninials  in  full  m^ 
tion  !  What  eye  is  able  to  measure  the  transformation  which  takes 
place  in  drops  of  vinegar,  where  one  believes  all  is  dead,  whilst  fli 
a  minute  we  see  a  vibration,  and  bubbles,  which  arise  in  serpeBtioe 
motions !  By  the  force  of  this  transformation  the  blood  which 
flows  in  the  veins  is  changed  into  animal  flesh.  Further,  who  catt 
tell  us  how  this  immensity  of  animals,  which  live  in  calcarebui 
shells,  as  the  moluscae  and  the  polypes,  can  transform  orgaoizel 
matter  into  lime.  Or  if  we  represent  to  ourselves  every  organfeed 
being,  every  animal,  every  plant,  according  to  tlie  degree  of  their 
formation,  with  attention ;  i.e.  in  the  first  germ,  the  first  birth  of 
the  organic  mass,  for  the  form  which  tliat  being  ought  to  adopt, 
according  to  the  laws  of  things,  we  could  easily  devise  a  hindrance 
to  the  developement  of  the  formative  virtue,  by  which  there  wouW 
result  a  being  incompletely  organized  or  deformed ;  and  by  the 
same  indeterminate  causes  there  might  result  a  being  or  animJ 
doubly  deformed.  The  artists  Pharof  and  Osipof,  belonging  tc 
the  University,  have  prepared  a  plate  of  this  hen  for  his  Excelterjc; 
Mr.  Golenuschef-KutusoiF;  and  I  have  had  another  preparetl  for  tb 
pubjic,  representing  the  head  of  its  natural  size,  by  Mr.  Valesii;;©! 
the  artist. 


I81(S.J  hatfing  the  Profile  6/  tke  Human  Face.  24? 

EXPXANATIOJI  OP  tfiE  PLAtfe. 

"  .  Fig.  I  is  a  true  profile  of  the  hen's  £fU!e,  like  to  thit  of  ad  old 

Fig.  2  b  II  front  view  of  the  head. 
.   Fig.  3  is  a  profile  riew  of  the  head^  with  the  Bsouth  Ope&  te 
ihow  the  tongue. 


Article  II. 
On  Rheumic  Add.    By  John  Henderson^  Esq.  Sargeofl. 

(To  Dr.  Thomson.) 

SIR,  Litwtok,  Bee,  1,  IMA, 

I  MUST  beg  to  be  allotted  a  corner  of  your  Journal  for  the  inser- 

liMi  of  a  paper  the  subject  of  which  will,  I  trust,  be  interesting  to 

,  looie  of  your  readers,  when  it  is  found  to  contain  the  history  off  A 

.  labstance  hitherto  unknown  in  the  chemical  world ;  and  though  I 

.  em  well  awate  that  it  may  contain  some  inaccuracies,  I  am  certain 

of  its  meeting  with  every  necessary  indulgence  frofb  those  who 

are  able  to  appreciate  the  difficulty  of  such  an  int'esfigMion. 


Having  for  a  long  time  remarked  that,  amongst  the  immense 
variety  of  vegetable  productions,  but  a  very  few  salts  were  peculiar 
to  them,  and  being  anxious  to  prove  for  myself  that  no  others 
existed,  I  entered  on  the  analysis  of  some  of  them,  with  as  liikuch 

.  Mre  as  ctrcamstances  would  allow;  and  amongst  other  plants,  I 
AMected  to  experiment  that  commonly  called  rliubard,  class  erthe^ 

'  tMfiay  genus  monogifnia.  I  had  two  reasons  for  choosing  4hi3 
phnFt ;  the  first  was,  that  I  conceived  it  might  contain  a  very  con- 

.Merable  portion  of  the  citric  acid,  and  that  this  articTe  might  be 
tto^e  advantageously  manafactured  from  it;  and,  secondly,  that  it 
Mi^ht  eontain  an  aeid  peculiar  to  itself;  and  this  idea,  I  was  happy 
fo  find,  was  not  altogether  groundless. 

Baeper,  1 . — Having  expressed  the  juice  of  the  stems  of  the  fhu- 
Wd,  first  by  beating  them  in  a  mortar,  and  afterwards  passing  the 
whole  through  a  cloth,  1  put  in  gradually  a  quantity  of  pdwdered 
elkrHc,  tasting  the  liquid  now  and  then,  till  I  found  that  the  juice 
had  lost  every  trace  of  acidity,  and  the  liquor,  froth  being  ctear 
Ml  colburless,  became  cloudy.  It  was  then  allowed  to  settle  for 
jRUae  titne,  when  the  supernatant  liquor  was  carefully  poured  ofl^ 
and  pure  water  put  in  its  place.  The  whole  was  then  perpetually 
Itirredy  that  the  powder  at  the  bottom  might  be<:ompletely  washed.; 
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Again  the  water  was  cloudy ;  and  the  same  was  repeated  till  il 
nearly  pure.  This,  last  of  all,  was  drained  off  also;  and  is| 
place  a  quantity  of  sulphuric  acid  was  added,  diluted  with  twii 
thrice  its  bulk  of  water. 

A  very  strong  effervescence,  as  may  be  supposed,  took 
wbile  the  whole  swelled  to  three  times  its  former  bulk,  and  at 
same  lime  a  vapour  issued,  giving  a  sensation  of  smell  like  the 
centrated  juice  of  rhuhard,  evidently  showing  that  a  part  of 
pure  acid  of  the  rhubarb  was  then  in  a  state  of  vapour.     When 
acid  was  poured  in   a  stream  upon  any  part  of  the   powder, 
assumed  a  purple  or  black  colour,  as  is  (he  case  in  pouring 
phurie  acid  on  phosphate  of  lime.     While  the  effervescence  > 
tinued,  the  misiure   was   frequently  stirred,   and  afterwards 
allowed  to  stand  for  twelve  hours.     The  liquid  part  was  then  inni 
off  into  a  Florence  flask,  where  it  was  evaporated  to  one-fourdi,  i 
set  to  crystallize.    The  first  crystals  formed  were  the  mos^ 
I  ever  saw ;  they  were  as  white  as  snow,  and  shining  like  1 
crystals  of  benzoic  acid.    I  had,  however,  to  resort  to  a  moreil 
curate  experiment  to  ascertain  their  form  and  properties. 

Exper.  2. — 8  lbs.  of  the  stalks  of  the  rhulwrb  were  taken,  di-, 
prived  of  their  leaves,  from  which  was  obtained  about  a  pint  atiA<| 
half  of  juice. 

lb.       OE. 

The  pint  weighed     4    4^ 

Remaining  juice 2     1. 


Ligneous  remainder     1     J 

3>^oz.,  therefore,  were  lost  during  the  operation. 

To  this  liquor  13^  oz.  of  powdered  chalk  were  added,  i 
taste  of  acidity  could  be  perceived.  Still,  however,  on  the  ^ 
being  put  to  the  test  of  tincture  of  litmus,  the  colour  was  ins 
changed  to  red.  Having  found  this  for  a  considerable  time  afttf 
acid  taste  could  be  perceived,  I  began  to  suspect  that  this  b 
might  be  a  fallacious  one,  on  account  of  the  water  being  by  this 
time  saturated  with  carbonic  acid  gas,  which,  I  need  not  say,  issued 
in  bubbles  from  the  chalk.  I  then  ceased  to  put  in  more  chalk,  but 
after  stirring  it  well,  set  it  by  to  settle,  and  allowed  it  to  stand  12 
hours,  when  the  liquor  was  drawn  off,  and  a  grey  powder  remained 
at  the  bottom,  which  was  the  rheumate  of  lime. 

This  powder  was  washed,  as  formerly,  five  or  six  times.  Next 
day,  OD  examining  the  fluid  first  drawn  off,  I  was,  1  confess,  a  good 
deal  surprised  to  find  that  it  had  assumed  a  blackish  purple  colour; 
and,  what  i&  singular,  the  same  took  place  in  every  other  experi- 
ment; therefore  this  was  a  liquid  which  possessed  little  or  no  colour- 
ing matter  whilst  its  acid  existed,  whose  colouring  matter  becaoit 
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It  on  that  being  removed.    This  appearance^  also,  it  most  be 
itioned,  could  not  be  owing  to  iron^  for  the  liquid  was  contained 
earthenware  vessel, 

was  now  very  much  puzzled  regarding  the  exact  quandty  of 
ric  acid  necessary  to  form  a  neutral  sulphate  of  lime, 
analysis,  sulphate  of  lime  is  com|)osed  of  32  chalk  and  46 
-  But  the  specific  gravity  of  chalk  and  acid  are  as  1 1  chalk 
add,  as  13*8.  Chalk  is  to  a  fourth  proportional  11  :  7*5  :: 
:  i)*3 ;  and  by  multiplying  the  third  by  32,  and  fourth  by  46, 
proportion  is  427  :  415*14,  or  in  nearly  equal  proportions* 
^ver^  1  found  that  a  greater  proportion  of  rlieumate  of  lime 
■necessary  to  saturate  the  sulphuric  acid ;  for  8oz.  saturated  the 
134  oz.  I  must  here  remark,  that  when  the  acid  is  |x>ured 
chalk  in  a  concentrated  state,  the  grey  powder  is  apt  to  get 
lumps,  and  always  turns  of  a  bladsish  purple.  Water  was 
added  to  the  mass ;  and  when  the  effervescence  began,  the 
of  the  rheumic  acid  was  very  agreeable,  though  too  strong  to 
^kNmefor  any  lepgth  of  time.  The  liquor,  after  having  stood 
24  hours,  during  which  time  it  was  repeatedly  stirredy  was 
off,  and  put  into  shallow  plates  by  the  side  of  a  regularly 
stove.  I  afterwards,  however,  found  it  convenient  to  make 
of  a  hot-house;  and  after  being  evaporated  to  about  4^  they  were 
aside  to  crystallize,  the  liquor  assuming  a  slightly  red  colour 
ing  evaporation.  The  crystals,  as  soon  as  formed*  were  taken 
of  the  liquid,  and  dried  in  paper.  The  first  formed  were  the 
litest,  and  those  constituted  what  chemists  denominate  needle^ 
fgrmed  crystals,  resembling  nearest  of  any  the  crystals  of  benzoic 
idi 

The  method  I  have  chosen  to  prepare  this  acid,  I  am  sensible,  is 
BD  many  accounts  a  difficult  and  laborious  process }  at  the  same 
fime  there  is  a  very  considerable  quantity  lost  during  the  operation, 
kibo  contains  a  quantity  of  selenite ;  so  that  it  is  always  necessary, 
b'^rder  to  obtain  it  pure,  to  crystallize  it  a  second  time:  but 
d&ough  it  contains  that  foreign  salt ;  when  it  is  crystallized  a  second 
timey  the  form  of  its  crystals  are  still  the  same.  As  I  mentioned 
belbre,  there  is  a  considerable  loss  during  the  operation,  which,  is 
oiring  to  a  property  it  has  in  common  with  the  citric  acid  of  being 
leted  upon  by  sulphuric  acid ;  and,  therefore,  when  the  evaporation 
^gone  a  certain  length,  the  sulphuric  acid  becomes  concentrated^ 
lad  reduces  the  other  acid  to  carbon,  which  is  one  of  its  ingredients; 
lid  I  therefore  allow  that  an  easy  method  of  preparing  it  remains 
et  to  be  discovered. 

fence  tried . another  method  of  preparing  it,  which,  though  it 
rat  not  more  successful,  led  me,  however,  to  a  conclusipn  which  l 
oncdve  of  no  small  importance.  Instead  of  using  chalk  in  pre* 
arhig  the  acid,  I  tried  the  effect  of  quick-lime,  when,  in  place  oif 
arbmie  acid  gas  being  given  out,  as  formerly,  ammoriiftccil  yapours 
wedir  '^his,  as  might  he  supposed,  attracted  my  attention;  but ' 
I;  f^^  some  time  beiSre  I  could  acquire  a  satisfactory  explanation  of 
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k^  I  at  first  tfaougfat  that  there  might  bare  regained  a 
vegetable  matter  amongst  the  lime^  and  that,  during  the 
shying,  a  part  of  the  water  was  decomposed,  while  the  v< 
matter,  from  the  heat,  gave  out  nitrogen,  winch  attached  i 
an  atom  of  hydrogen.    This  was,  however,  a  very  doubtful 
nation ;  and  I  afterwards  altered  my  opinion,  from  some  other Vi 
cumstanccs ;  and  I  am  now  convinced  that  the  rheumic  acid 
in  the  plant  under  the  form  of  rheumaie  of  ammonia. 

In  an  experiment  I  made  some  time  afterwards,  in  order  to 
whether  any  connexion  existed  between  this  arid  and  the  citric^ 
added  a  quantity  of  mercury  in  its  metallic  state  to  a  solutioa 
rheumic  acid,  which  was  immediately  acted  on.  I  then  triri 
whether  the  juice  would  act  on  mercvry  when  assisted  by  heat;  id 
I  was  happy  to  find  this  was  the  case.  This  induced  me  to  try  tht 
same  thing  in  other  experiments ;  and  at  length  I  applied  the  jaiel 
in  a  concentrated  state,  which  was  done  by  evaporating  it  to  dryoesi 
by  the  action  of  slow  fire.  The  mass  thus  formed  was  of  a  htown 
colour,  with  evident  marks  of  crystallizatioQ.  It  was  rather  deK^ 
quescent  than  otherwise,  and  the  taste  was  that  of  acid  and  sak) 
father  inclining  more  to  salt.  To  this  I  added  a  small  quantity  tf 
alcohol ;  and  having  mixed  the  whole  together,  the  allmmen  ml 
dissolved,  and  small  crystals  were  depositeid  in  the  bottom  of  At 
vessel.  These  were  taken  and  dried.  They  were  found  to  resemUs 
the  sah  commonly  known  by  the  name  of  sali  of  lemons.  Oh 
being  placed  on  a  red-hot  iron,  they  first  swelled  in  the  form  (^  t 
pyramid,  giving  out  at  the  same  time  certain  gase^j  and  afterw^iA 
there  remained  only  a  black  coal.  The  same  tiling  happens  when 
pure  acid  is  put  upon  a  red-hot  iron. 

From  certain  experiments  I  made  on  the  pure  acid,  I  conceive  it 
to  be  composed  of  31  oxygen  and  69  carbon.  In  this,  however,  I 
may  be  mistaken  3  for  from  the  apparatus  I  possessed,  I  could  aet 
perform  any  very  delicate  experiment.  The  last  time  I  prepared 
any  of  the  acid,  instead  of  putting  the  chalk  in  the  vessel  contahiiflj 
the  juice,  I  divided  it  into  five  equal  portions,  each  of  which  WM 
put  into  a  separate  vessel. 

A  part  of  the  juice  was  then  poured  on  No.  1 5  and,  after  staai- 
ing  some  time,  was  drawn  off  into  the  one  marked  No.  2 ;  aod 
this  was  drawn  off  in  the  same  way,  first  into  No.  3,  then  mio 
Nos.  4  and  5.     When  it  came  to  the  last,  not  the  slightest  matkof 
acidity  could  be  perceived  by  the  most  delicate  test.  Another  quan- 
tity of  juice  was  then  applied  in  the  same  way,  till  the  whole  v^ 
saturated.     This  plan  I  conceive  to  be  far  better  than  the  first  waj 
of  doing  it;  and  I  may  at  the  same  time  also  mention,  that  I  ^ 
length  extracted  the  juice,  not  only  from  the  sterns^,  but  al^  Jfro<^ 
the  leaves,  by  boiling  them  to  a  syrup. 

I  conceive  there  might  still  be  another  \<^y  of  preparing  thT' 
acid  I  which  is,  after  dissolving  a  quantity  of  acetate  of  lead  S 
water,  to  add  a  quantity  of  the  juice  of  the  rhubarb. 
A  white  precipitate  will  tlien  iaW  to  \\v^  X^^wooi^  ^XasJsji  mW  ti 
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to  settle,  and  the  supernatant  liquor  be  poured  off.    Then 

this  is  added  *a  quanti^  of  nitric  or  nitrous  acids  ;  and  when  it 

been  allowed  to  stand  some  titnej  it  is  drawn  off  and  evapo- 

td,  as  in  the  foregoing  experiments. 

D^lve  the  crystals,  and  then  evaporate  it  a  second  timew    The 

t  when  obtained  pure,  is  soluble  in  about  two  parts  of  water, 

is  slightly  deliquescent.    It  differs  materially  in  its  crystals 

all  the  acids  yet  known,  coming  nearest  to  the  benzoic;  it  is 

however,  so  flocculent,  has  not  the  aromatic  smell,  is  more 

duble,  apd  of  greater  specific  gravity. 

There  are  four  acids  which  it  resembles  in  a  few  of  its  effects;  it 
ill,  therefore,  be  necessary,  before  going  further,  to  enumerate 
^^os€  properties  which  discnminate  them  from  the  acid  now  under 
'^our  coDftideration. 
'  Yhese  are  the  citric,  oxalic,  tartaric,  and  benzoic  acids. 

Citric  Acid. 

This  acid  fbrms  beautiful  rhomboidal  crystals.  C^trnte  of  potash 
h  veiy  soluble,  crystallizing  with  difficulty,  and  very  deliquescent. 
CStrate  of  soda  has  a  saline  taste ;  its  crystals  are  that  of  a  six-sided 
jiyreunid.  The  supercitrate  of  lime  is  a  crystallizable  salt,  and  is 
iduUe  in  water. 

'  Quicksilver  is  not  acted  on  in  its  metallic  state,  but  is  readily 
acted  on' when  in  the  state  of  an  oxide.  It  forms  small  crystals, 
scarcely  soluble. 

Zinc  is  dissolved  by  it,  and  forms  small  brilliant  crystals,  nearly 
loB^ble. 

Oxalic  Acid. 

This  acid  is  obtained  in  slender  four-sided  rhomboidal  prisms.-— 
Thf^  salt^  of  the  oxalic  acid  are  scarcely  soluble,  such  a9  oxalate  of 
loda,  which  can  scarcely  be  obtained  in  regular  crystals.  The  oxide 
o{  mercury  is  dissolved,  which  forms  a  white  powder  that  blackens 
01  ejqposure  to  the  sun. 

Copper  is,  dissolved  by  it,  and  a  powder  is  obtained  from  their 
tiaion  of  a  pale  blue  colour,  and  scarcely  soluble. 

Lead,  when  digested  with  it,  forms  crystallized  grains  that  are 
scarcely  soluble,  except  when  an  excess  of  acid  is  used.  With  tin 
it  forms  prismatic  crystals.  Zinc  is  converted  by  it  into  an  insoluble 
powder,  which,  however,  becomes  soluble  on  an  excess  of  acid 
being  employed.  With  the  white  oxide  of  arsenic,  it  forms  pris* 
B^tie  crystals. 

Tartaric  Add^ 

'  This  acid  crystallizes  in  prisms  and  pyramids.  Tartrate  of  soda 
crystallizes  in  fine  needles. 

It  combines  with  the  oxide  of  mercury,  and  forms  an  insoluble 
compound.  With  tin  it  forms  a  white  powder,  and  precipitates  a 
solution  of  bismuth  white. 

It  dissolves  the  oxide  Of  antimony.  ^ 

e 
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Beicmic  Acid. 

This  crystallizes  in  soft  ilocculent  crystals,   which  possess 
aromatic  smell,  that  Is  increased  by  heat.     It  is  scarcely  soluble  in 
cold  water,    Benzoate  of  liine  is  soluble.     Oside  of  tin  is  not  &■ 
solved  by  it;  but  antimony  is. 

It   would   be   needless    to  detail  the   differeaccs  between  j^ 
rheumic  acid  and  the  other  ve^iable  acids,  as  there  does  not 
ihe  slightest  resemblance  between  any  of  them. 

Rheumate   of  Potash. 

To  a  solution  of  the  acid  was  added  a  small  quantity  of  _ 
potash :    and  after  the  etfervesceoce  had  cenaed,   I  set  it  by  B 
crystal  I  ize. 

Small  crystals  were  formed,  hut  I  did  Dot  ascertain  their  ibnH' 
They  had  rather  an  acrid  taste,  and  tinged  bismuth  green. 

I  confess  1  was  considerably  surprised,  on  adding  the  caustie 
»1kali  to  the  pure  juice,  to  obsi^rve  that,  when  it  came  to  the  pcMit 
«f  saturation,  the  whole  assumed  a  deep  red  or  purple  colour.  U 
the  same  lime  that  the  »1bumen  was  precipitated  of  the  same  colour. 
After  filtering  the  solution,  1  set  it  to  crystallize.  The  crysah 
formed  were  red,  but  by  washing  they  became  transparent. 

This  salt  is  not  deliquescent :  it  may,  therefore,  be  distinguislied 
from  the  tartrate,  citrate,  oxalate,  and  benzoate  of  potash, 

Rheiimaie  of  Soda. 

This  salt  I  have  formed  either  by  adding  carbonate  of  soda  to 
the  pure  acid,  or  in  an  impure  way  by  adding  it  simply  to  the  juice. 
In  the  latter  way  it  has  the  same  effect  upon  it  as  the  pure  pomsh 
has  with  regard  to  changing  its  colour,  and  precipitating  a  part  of 
the  albumen.  When  evaporated,  it  is  obtained  in  the  form  of  i 
four-sided  prism.  Of  this,  however,  1  was  not  quite  certaio,  u 
those  I  chose  for  my  examination  were  very  irregularly  formed. 
This  salt  is  not  deliquescent,  and  possesses  alkaline  qualities.  It 
may,  therefore,  be  distinguished  from  the  citrate,  oxalate,  and 
tartrate  of  soda. 

Rheumate  of  Ammonia. 

This  salt  I  have  not  yet  examined. 

/      Rheumate  of  Iron, 

The  concentrated  or  simple  juice  acts  very  readily  on  iron  in  ils 
metallic  state,  especially  if  assisted  by  heat.  It  also  acts  on  the 
carbonate  and  oxide  of  iron.  The  crystals  thus  formed  aresmalli 
but  I  am  not  certain  as  to  their  exact  form. 

The  carbonate  of  soda  precipitates  it  of  a  grey  colour ;  and,  on 
the  other  hand,  the  rheumate  of  iron  precipitates  the  acetate  of 
lead.  With  the  prussiate  of  potash  a  blue  precipitate  falls  to  ihc 
bottom ;  and  with  tannin  it  forms  a  blackisli  precipitate.    When 
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e  acid  IS  made  to  act  on  iron^  it  first  converts  it  to  a  black  oxide^ 
id  then  dissolves  it.    It  possesses  rather  a  caustic  taste, 

Rheumate  of  Zinc. 

The  rfaeumic  acid  seems  to  have  a  great  affinity  for  zinc.  It  acts 
ly  violently  on  it  when  in  the  state  of  the  white  oxide.  The  solu- 
n&  is  of  a  straw  colour;  and  when  the  carbonate  of  soda  is  added^ 
is  precipitated  of  an  orange  colour.  This  salt  does  not  crystallize. 
possesses  a  very  caustic  taste ;  and,  wnen  added  to  the  acetate  df 
ad,  a  precipitation  takes  place.  This,  I  suspect,  is  owing  to  a 
perabundance  of  the  rheumic  acid.  It  may  be  distinguished  from 
tflUe  and  benzoate  of  zinc. 

Rheumate  of  Tin. 

When  die  plain  or  concreted  juice  is  boiled  on  tin  foil,  it  forms 
'St  a  darkish  coloured  oxide,  and  then  dissolves  it.  When  the 
ice,  is  used  for  this  experiment  it  turns  of  a  blackish  purple  colour, 
the  pure  acid  is  used,  care  must  be  taken  that  it  contains  no  suU 
luric  acid. 

When  crystallized,  it  forms  five-sided  obtruncated  pyramids.  It 
Ay,  therefore,  be  distinguished  from  the  tartrate  and  benzoate  oC 

Rheumate  of  Antimony. 

The  rheumic  acid  has  very  little  action  on  the  oxide  of  this  metal, 
lowever,  it  dissolves  it  in  a  slight  degree,  which  may  be  shown  by 
bemicai  tests.    Its  crystals  have  not  been  examined. 

Rheumate  of  Mercury. 

This  acid  has  a  very  considerable  affinity  for  mercury,  and 
cts  upon  it  in  its  metallic  state ;  even  in  the  diluted  way,  it 
ikia  in  juice.  This  was  the  first  test  that  assured  me  it  was  difife- 
eat  from  the  citric  acid.  On  all  its  oxides  it  has  similar  effects, 
tenging  their  colour  before  dissolving  them. 

The  oxide  of  mercury  may  be  again  precipitated  in  the  form  of  a 
fdlow  powder.  In  its  crystals  it  exactly  resembles  those  ef  water, 
shooting  out  in  a  most  beautiful  manner.  They  possess  a  shining 
Eippearance,  and  resemble  in  some  measure  the  crystals  of  oxalic 
acid. 

When  exposed  to  the  sun,  they  do  not  change  colour.  They 
inay,  therefore,  be  distinguished  from  oxalate  of  mercury,  tartrate 
tf  mercury,  and  citrate  of  mercury. 

Rheumate  of  Copper. 

The  rheumic  acid  dissolves  the  oxide  of  copper;  and,  wheik 
^^rated,  it  iforms  a  powder  of  a  dark  green  colour,  which  takes 
l^tDOflidenible  quantity  of  water  to  dissolve  it.  -  *  '  irefor^- 

■^  dhtinguished  firom  oxakte  and  benzoate  of  0 
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Bheumate  of  Bismuth. 

The  rheamic  acid  dissolves  the  white  oxide  of  bianiith 
readily,  and  forms  with  it  small  crystals*    It  may^  therefixei 
known  from  tartrate  of  bismuth. 

Bheumate  of  Arsenie. 

This  ackl  dissolves  the  white  oude  of  arseBie,  aad  kfm% 
of  a  pretty  laige  size.    They  seem  to  be  irregukr  cubes ; 
therejfbre,  can  be  distinguished  from  benzoate  of  arsenic  m 
ef  arsenic* 

Bheumate  of  Lead. 

With  this  metal  it  forms  an  insoluble  compound;  and  ftom 
observations  I  should  conceive  this  to  be  one  of  the  best  tests  H] 
lead  existing  in  any  fluid. 

I  have  not  yet  fully  investigated  the  action  of  this  acid  opoB  tk^' 
various  earthsi  With  lime,  however,  it  forms  an  insoluble  eo^ 
pound ;  nor  does  it  become  soluble  when  an  excess  of  acid  is  ttUeL 
as  the  supercitrate  of  lime  does.  It  also  dissolves  megnetia  ant 
aigile ;  but  the  crystals  formed  by  these  I  have  not  yet  examined^ 

The  stronger  acids,  when  distilled  with  it,  have  the  effect  of 
diarriDg  it. 

I  have  now  brot<ght  this  paper  to  a  conclusion ;  and  though  Ae 
investigation  is  still  in  its  infancy,  it  may  perhaps  have  the  gooi 
effect  of  stimulating  some  one  to  prosecute  this  very  curious,  aod^ 
I  may  add,  very  useful  subject. 

J.  Henderson. 
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Answer  to  Mf.  Davenport's  Defence  of  Prevos^s  Theory  of 
Badiant  Heat.  By  John  Murray,  M.D.  Lecturer  ob  Chemistiy 
in  Edinburgh. 

(To  Dr.  Thomson.) 

SIR, 

I  HAD  written  the  following  short  reply  to  the  observations  of 
Mr.  Davenport  in  your  number  for  April  last,  on  the  subject  of  the 
radiation  of  cold ;  but  from  circumstances  it  was  not  transmitted  ^^ 
the  time  I  intended.  I  have  now  to  request  the  favour  of  its  inset- 
tion. 

For  the  general  answer  to  the  original  argument  I  must  refer  '^ 
my  fornver  paper.  {Annals  ofPhilosophyy  vol.  vii.  p.  223.)  1^ 
Davenport's  last  observations  are  not  so  much,  I  conceive,  in  re^ 
to  what  I  had  offered,  as  a  new  statentent  of  t^  argument  un^-' 
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other  form.  If  a  metallic  canister,  he  observes,  with  one  sur* 
%  clean,  another  blackened,  be  so  placed  that  thermometers  are 
posite  to  each  surface  at  equal  distances  (the  canister  bein^ 
ipty,  and  of  the  same  temperature  with  the  bodies  around; 
ither  of  the  thermometers  indicates  any  variation ;  though  at  a 
ren  temperature  the  blackened  surface  radiates  much  more  cakiric 
Eia  the  other.  And  this  circumstance,  it  is  added,  I  do  not  ac- 
QQt  for.  TiTow  in  Pictet's  theory,  which  is  the  one  I  have  main* 
ined,  it  is  accounted  for  by  the  very  principle  of  the  theory,  that 
>m  bodies  which  are  at  the  same  temperature  with  the  contiguous 
edium,  and  the  bodies  around,  th^re  is  no  radiation  of  caloric. 

the  case  stated,  therefore,  by  Mr.  Davenport,  there  can  be  no 
3*ct  produced  on  the  thermometers. 

Supposing,  however,  Prevost's  principle  to  be  granted,  that 
loric  is  radiated  from  bodies  according  to  the  temperature,  and 
ftt  on  this  the  effect  in  the  experiment  of  the  apparent  radiatioa 
•  bold  depends ;  when  the  canister  is  filled,  Mr.  Davenport  adcjs^ 
kh  a  freezing  mixture  ^^  has  not  the  blackened  surface  lost  a  part 
^  Its  intensity  of  radiation?^'  No  doubt,  according  to  the  theory 
bar.  **  Has  the  polished  surface,**  he  continues,  *•  lost  its  power 
F  reflection.*'     Jt  certainly  has  not.     ^  It  follows,  then,**  he  adds, 

that  unequal  diminutions  have  been  imposed  on  those  powers  of 
^turning  heat  to  the  thermometer,  which  before  were  equal ; 
le  radiating  surface  has  lost  more  than  the  reflecting  surface,  and 
s  Aermometer  receives  less  return  than  that  on  the  reflecting  side.** 
L  is  here,  I  conceive,  that  the  fallacy  lies.  The  clean  surface  has 
bo  had  its  intensity  of  radiation  proportionally  reduced.  And  at 
ny  temperature  the  blackened  surface  radiates  more  caloric  than 
he  clean  surface  does  at  the  same  tempe^'ature.  The  former,  there-* 
ore,  returns  more  caloric  to  the  thermometer  than  the  latter ;  and 
lence  ought  to  produce  less  cold  j  or  at  least,  allowing  all  the  effect 
bat  can  be  ascribed  to  difference  of  reflection,  no  cause  is  assigned 
Ay  it  produces  a  greater  degree  of  cold. 

I  submit  this,  with  much  deference,  to  Mr.  Davenport's  Htten* 
Im,  and  remain. 

With  much  respect. 

Sir,  your  most  obedient  servant, 

J.  MURBAT^ 
Malmr^lij  July  90,  ItlO. 
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Article   IV. 

A  Comparison  o^  (he  Old  and  New  TkeoTies  respecting  the  Ni 
of  OxyTnurialic  Add,  to  enable  us  to  jvdge  which  o/^  the  tm 
serves  the  Preference,  By  Jacob  Berzelius,  M.D.  Profeas 
Medicine  and  Pharmacy,  and  Fellow  of  the  Koyal  Acaden 
Sciences  at  Stockholm. 

{Canctudcd  fitm  p.  909.) 
II,    Fi-UORIC   ACID. 

It  was  as  little  in  the  power  of  the  new  doctrine  to  prodi 
body  similar  to  chlorine,  as  it  was  of  the  old  doctrine  to  prodi 
body  similar  to  oxymuriatic  acid.  The  otijection,  which  ma 
ttated  against  both,  is,  that  both  suppositions  may  be  transii 
with  facility  from  the  one  doctrine  to  the  other. 

Davy,  in  hopes  of  establishing  his  new  doctrine  the  more  i 
pletely,  undertook  to  show  that  all  the  former  experiments  v 
he  had  performed  respecting  the  reduction  of  fluoric  acid  wer 
accurate,  and  that  no  traces  of  oxygen  can  be  discovered] 
and  he  endeavoured  to  prove,  by  a  set  of  very  ingenious  a 
ments,  that  fluoric  acid  contains  a  body  analogous  to  chloritii 
which  he  has  given  the  name  ai  Jluoriiie.  Although,  accordii 
the  old  doctrine,  as  well  as  the  new,  it  is  very  probable  that  si 
body  (a  superoxide  of  fluoric  acid)  exists,  yet  it  was  not  in  ( 
power  to  obtain  it.  He  was  equally  unsuccessful  in  showing 
the  experiments  of  Gay-Lussac  and  Thenard  on  the  reduction  c 
base  of  fluoric  acid  are  inaccurate. 

I  must  here  make  the  general  remark  that  after  we  have  disc 
at  some  length  the  new  doctrine,  as  fer  as  it  respects  muriatu 
and  its  compounds,  very  little  remains  to  be  said  respecting  the 
two  acids;  for  if  the  new  doctrine,  as  far  as  it  regards  muriatic 
be  inaccurate,  the  opinions  respecting  the  nature  of  fluoiic  acji 
iodic  acid  fall  of  themselves. 

The  peculiar  compounds  of  fluoric  acid  are  Jluohoric  acii 
silicious  Jluoric  acid,  both  of  which  are  double  acids.  The 
doctrine  considers  them  as  acids  composed  of  Itrron  and  sU 
combined  with  fiumine.  The  boron  and  the  silicium  are  the 
of  the  acids,  and  the  fluorine  acts  the  part  of  oxygen.  The 
only  combine  with  ammonia  without  being  decomposed.  Thi 
doctrine  assumes  here,  also,  what  is  not  very  probable,  that  1 
ammoniacal  salt  the  silicium  exists  in  the  metallic  state  nfi 
containing  any  combined  oxygen.  The  same  observations,  i 
I  made  when  speaking  of  the  chlorides  of  phosphorus,  apply  i 
present  case. 

The  fact  that  when  neutral  fluate  of  potash  is   preclpital 

muriate  of  gluciua  a  considerable  quantity  of  potash  is  set  at  1 

7  >,ufl 
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night  embarrass  any  one  who  was  not  an  adept  in  the  new  doctriMi 
Bui  as  the  supporters  of  this  doctrine  consider  compounds  ai  salts, 
Of  chlorides,  or  fluorides,  according  to  the  neceasity  of  the  doctrine^ 
indeven  venture  to  affirm  tliat  the  hydro-fluates,  like  the  hydro- 

■■  wlphurets,  are  undecomposed  by  heat,  it  would  be  difficult  frool 
Alia  phenomenon  to  draw  a  consequence  whieh  would  be  acknow-- 

*■  tedged  to  be  inconsistent  wiili  the  accuracy  of  the  new  doctrine. 

••  Most  of  the  combiniilions  of  fluoric  acid,  if  we  view  them  ae* 
cording  to  the  new  doctrine,  are  as  inconsistent  with  the  laws  of 
ehemieal  proportions  as  the  submuriates.  1  have,  for  example, 
analyzed  the  lopox  of  Brazil,  of  Sehneckenstein,  and  of  Fahluo, 
with  the  greatest  care,  and  from  all  have  obtained  the  same  result. 
I  found  it  a  compoond  of  one  integrant  particle  of  subflnate  of 
alumina  (in  which  the  earth  contains  twice  as  much  oxygen  as  tb« 
icid)  with  three  particles  of  siliciale  of  alumina  (in  which  thd 
llumina  and  silica  contain  equal  quantities  of  oitygen).  But  i^ 
mstcad  of  subfluBte,  the  compound  contains  a  fluoride  of  aluminum, 
then  the  oxygen  in  the  oxidi^td  portion  of  aluminum  must  be  to 
fliat  in  the  silica  as  four  to  three.  Here  we  have  deviation  from  the 
role  as  in  the  aqueous  submuriates.  In  the  sehorlous  beryl  of  Alten- 
berg  I  found  one  particle  of  neutral  fluiite  of  alumina  combined 
with  three  particles  of  siliclate  of  alumina ;  so  that  this  compound, 
tccording  to  whatever  doctrine  we  view  it,  corresponds  with  the 
laws  of  definite  proportions. 

To  dwell  larger  apon  fluoric  acid  is  quite  unnecessary,  as  far  ai 
concerns  the  present  treatise. 

111.    IODINE. 

Iodine  was  discovered  just  at  the  time  wlien  tlie  new  doctrine 
began  to  spread ;  and  as  its  properties  were  investigated  and  de- 
icribed  by  those  only  who  had  embraced  the  new  doctrine,  the  con- 
sequence has  been  that  every  thing  known  respecting  it  has  beea 
Hated  according  to  the  views  and  language  of  the  new  doctrine. 
Chemists  have  never  given  themselves  the  trouble  to  inquire  whether 
the  old  doctrine  by  this  discovery  has  lost  or  gained  in  probability. 
It  has  been  taken  tacitly  for  granted  that  the  phenomena  which 
iodine  presents  can  only  be  explained  by  the  new  doctrine ;  and  the 
rreat  degree  of  attention  which  lotiine,  as  a  new  body,  has  drawn, 
nas  given  to  the  new  doctrine  a  degree  of  publicity  which,  without 
il^assistance,  it  probably  never  would  have  reached.  Thii  eiicuro- 
tance  has  certainly  induced  many  chemists  to  abandon  the  old  docr 
trine,  and  to  be  satisfied  by  evidence  which  in  other  circumstance^ 
Would  not  have  been  considered  as  convincing.  I'he  cet^ebratsii 
Vuuquelin,  whose  merits  as  a  chemist  are  above  my  praise,  afford*  | 
*  remarkable  example  of  this.  He  found  that  when  the  compouEKl  I 
of  iodine  and  phosphorus  is  put  into  water,  or  when  iodimi  *— **^ 
pliosphorus  are  made  to  act  upon  each  other  under  wate^ 
Phoric  acid  and  hydriodic  acid  are  formed.   "  This,"  saysfaaj 

^fsplained  by  the  decomposition  of  water."     Hence  it  is-tt 
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that  be  considered  it  as  necessary  to  adopt  the  new  doctrine,  h 
other  circumstances  it  would  not  have  escaped  the  sagacity  of  tlm 
chemist,  that  if  iodine  be  considered  as  an  oxide  analogous  to  oxj^ 
muriatic  acid,  this  appearance  must  take  place  by  the  decompose 
tion  of  the  hyper-oxide,  which  loses  its  oxygen  while  the  phospnonn 
is  converted  into  an  acid  by  combining  with  this  oxygen*  The 
water  unites  without  decomposition  with  the  acids,  which  are  coo* 
verted  into  the  state  of  hydrous  acids. 

Even  when  the  first  intelligence  respecting  iodine  was  published^ 
it  was  considered  as  a  simple  combustible  substance,  similar  ia 
appearance  to  galena  or  sulphuret  of  antimony.  It  was  stated  to 
have  the  greatest  analogy  with  sulphur  and  chlorine,  as,  like  theiDi 
it  forms  a  coloured  gas,  and  combines  with  hydrogen  and  oxygen, 
constituting  two  difierent  acids,  &c. :  and  from  all  these  analogies 
the  consequence  was  drawn  that  the  truth  of  the  new  doctrine  couU 
no  longer  be  disputed.  ] 

But  allowing  the  importance  of  these  analogies^  it  cannot  be  ^ 
denied,  on  the  other  side,  that  iodine  has  a  greater  resemblance  to  - 
black  oxide  of  manganese  than  to  sulphur.     Gaseous  chlorine  and  ' 
iodine  are  not  only  more  like  nitrous  acid  vapour  than  to  sulpbor, 
but  their  peculiar  smell  has  the  greatest  analogy  to  the  same 
acid.    It  is  clear,  therefore,  that  if  the  new  doctrine,  on  the  one 
hand,  has  gained  by  the  analogy  discovered  between  iodine  and 
chlorine,  the  old  doctrine  has  equally  gained  by  the  discovery  of  aa 
acid  capable,  like  the  muriatic,  of  combining  with  different  doses 
of  oxygen. 

As  all  the  observations  which  I  have  made  upon  muriatic  acid 
apply  equally  to  iodine,  a  further  comparison  of  the  two  hypotheses 
would  be  superfluous.  But .  as  the  phenomena  of  iodine  have 
hitherto  been  explained  only  according  to  the  language  of  the  new 
doctrine,  I  conceive  that  a  short  sketch  of  these  phenomena,  ex- 
plained according  to  the  principles  of  the  old  doctrine,  may  with 
propriety  be  introduced  in  this  place.  I  have  to  regret  that  the 
distance  of  my  abode  from  the  centre  of  literary  communications 
has  put  it  out  of  my  power  to  peruse  all  that  has  been  written  on 
iodine,  and  in  particular  the  half  of  Gay-Lussac's  treatise.  Several 
of  the  phenomena  in  consequence  remain  unknown  to  me. 

1.  Iodic  Acid. 

In  several  varieties  of  kelp,  besides  the  carbonate  of  soda,  and 
other  known  salts,  there  is  contained  a  new  soluble  salt,  which  ii  a 
compound  of  soda  and  a  new  acid,  the  iodic  acid.     This  salt  is 
found  in  the  mother  ley  after  all  the  crystals  readily  formed  have 
been  separated.    The  iodic  acid  is  easily  separated  by  means  of 
stronger  acids.    But  as  it  readily  combines  with  oxygen,  and  is 
converted  into  a  hyper-oxide,  similar  to  oxymuriatic  acid,   it  is 
separated  by  the  easily  decomposed  acids  (likewise  by  sulphuric 
acid)  in  the  form  of  a  hyper-oxide,  in  consequence  of  which  the 
Meparating  acid  is  partly  deoivdVx^d,    h&^^&\^^2Qk  ^^^  tci^tVxod  to 
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^n*fy  the  acid  from  other  bodies^  the  following  formula  for  pro*- 
caring  this  oxide  in  a  pure  state  has  been  devised.     The  mother  ley 
is  evaporated  to  dryness^  and  the  residue  mixed  with  sulphuric  acid 
in  a  retort  with  a  long  beak.    By  the  application  of  a  gentle  heat 
the  muriatic  acid  which  it  contains  is  driven  off.     Black  oxide  of 
manganese  is  then  added^  and  the  mixture  is  distilled.    When  a 
moderate  heat  is  applied,  the  retort  becomes  filled  with  a  violet- 
coloured  gas^  which  ^condenses  in  the  upper  part  of  the  retort  ia 
tbe  form  of  metallic  crystals.     In  this  case  the  iodic  acid,  like 
muriatic  acid,  is  changed  into  a  hyper-oxide  by  the  excess  of  oxygea 
io  the  black  oxide  of  manganese^     We  shall  call,  therefore,  the 
lubstance  found  in  crystals  in  the  upper  part  of  the  retort  hyper- 
oxide  of  iodine.     To  convert  it  into  iodic  acid,  it  is  mixed  with 
initer,  and  a  current  of  sulphuretcd  hydrogen  gas  passed  through 
the  liquid.     The  hydrogen  reduces  the  hyper-oxide  to*  an  acid^ 
while  the  sulphur  precipitates.    W^hen  the  liquid  appears  colour- 
less, all  the  hy|)er-oxidc  is  converted  into  acid.     When  the  acid 
IB  filtered,  and  distilled  in  a  vessel  destitute  of  oxygen,  the  greatest 
part  of  the  water  passes  over,  and  the  acid  becomes  much  more 
concentrated.     When  this  hydrous  iodic  acid  is  exposed  to  the  air, 
It  ii  easily  converted  into  a  hyper-oxide  ;  and,  as  the  acid  dissolves 
die  hyper-oxide,  a  reddish  brown  solution  is  formed,  from  which 
the  oxide  cannot  be  separated  by  boiling,  though  it  be  more  volatile 
than  the  acid. 

Iodic  acid  forms  neutral  compounds  with  water  and  the  different 
nlifiable  bases,  from  which  it  has  not  hitherto  been  possible  to 
separate  iodic  acid  in  an  anhydrous  state.  100  parts  of  pure  acid 
aturate  a  portion  of  base,  which  contains  6*851  oxygen."^  Thi» 
teid,  therefore,  has  a  very  small  capacity  of  saturation.  When 
iodic  acid  combines  with  as  much  water  as  is  necessary  to  saturate 
tt^  we  obtain  an  acid  gas  very  similar  to  muriatic  acid  gas.  We 
obtain  it  by  sprinkling  the  anhydrous  compound  of  phosphoric  and 
iodic  acids  with  water.  The  acids  combine  with  water,  and  expe- 
rience an  elevation  of  temperature ;  by  this  means  they  are  sepa- 
itted  and  converted  into  hydrous  acids,  in  which  state  the  iodic  acid 
fc  gaseous.  100  parts  of  iodic  acid  require  7*7^7  parts  of  water. 
The  specific  gravity  of  this  gas  is  4*443.  It  is  rapidly  absorbed  by 
Water,  and  the  saturated  solution  is  a  smoking,  colourless,  very 
tcid  liquid.  This  concentrated  acid  boils  at  the  temperature  of 
%7®,  and  has  the  specific  gravity  of  1-7.  Sulphuric  acid,  nitric 
tcid,  oxymuriatic  acid,  several  salts,  and  the  oxides  of  iron,  are 
deoxidized  by  it,  fvhile  it  is  converted  into  a  hyper-oxide. 

Iodic  acid  dissolves  different  metals,  with  the  evolution  of 
liydrogen  gas.  It  readily  combines  with  oxides,  and  forms  both 
fieutral  and  subsalts.  The  iodates  have  a  peculiar  tendency  to  form 
iKotral  and  sub-double  salts.     Several  of  the  latter  are  soluble  in 

*  According  to  Ga^f-Lussac's  determination  that  100  parts  of  iodino  fora  a 
Mitral  iadate  with  26*226  parU  of  zinc. 
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caustic  alkalies,    without   unilerpoing   decomposition.      la 
respects  the  iodates  possess  the  characters  which  belong  to  <* 
of  ench  basis.    Thus  the  iodate  of  iron  is  greenish,  and 
astringent  sweetish  taste.    The  iodaie  of  zinc  is  colourless, 
an  astrin);ent  or  metallic  taste.     Several  of  them  are  mor 
than  the  salts  composed  of  the  same  bases  combined  with  oiheri 
This  is  the  case  with  iodate  of  potash.     Others,  as  the  iodate 
lime,  are  decomposed  by  heat,  because  the  acid  combines  wiifc 
oxygen,  and  separates.      But   this  dues  not   take  place  ia  ckte 
vessels.     But(hi<  ii  not  the  place  to  give  a  particular  description  (f 
each  of  these  salts. 

2.  Hy/)er-oxide  of  Iodine, 

The  hyper-oxide  of  iodine  is  obtained  when  iodic  acid  is  oxi£icl 
by  black  oxide  of  maogaQcse,  nitric  acid,  oKymuriatic  acid,  lot 
other  easily  deoxidized  bodies.  It  is  precipitated  from  the  solutioH 
in  the  ^tate  of  a  brown  powder,  and  may  be  collected  and  (Iiic4 
upon  the  filler.  It  melts  at  the  temperature  of  224°;  and,  <n 
cooling,  assumes  the  form  of  a  dark  grey  foliated  substance,  havk| 
a  fatty  lustre,  and  easily  reducible  to  powder.  It  is  a  nonconductM 
of  electricity.  At  the  temperature  of  S47°  it  is  converted  intoi 
beautiful  violet-coloured  gas,  possessing  the  properties  of  <H(ynuit 
rialic  acid,  but  much  weaker ;  and  again  condensing  on  cold  bodiai 
in  the  state  of  blackish-grey,  metal  lie- looking,  crystals.  It  is  eaa^ 
distilled  over  with  water  at  a  moderate  temperature,  as  is  the  case 
wiih  most  volatile  bodies.  In  the  open  air  it  is  gradually,  but  vetj 
■lowly,  volatilized.  Cold  water  dissolves  only  a  very  small  ponioa 
of  it,  and  assumes  a  reddish  colour.  When  the  solution  is  espmel 
to  the  solar  rays,  it  is  gradually  discoloured,  the  oxide  being  coiii- 
verted  into  iodic  acid  and  hyper-oxiodic  acid,  which  dissolve  in  tba 
valer.  If  water  contains  in  solution  either  an  iodate,  or  any  other 
salt,  as  sal-ammoniac,  nitrate  of  ammonia,  it  becomes  capable  of 
dissolving  a  notable  quantity  of  hyper-osidc  of  iodine.  But  tliii 
must  be  considered  as  a  mere  solution,  and  not  as  a  chemical  con- 
Uoation  of  the  hyper-oxide  of  iodine  with  the  salt.  Finally,  tlu 
Lypcr-oxide  is  distinguiihed  by  this  circumstance,  that  its  acid  fa& 
a  much  greater  afhuity  for  oxygen,  and  a  much  weaker  afBnity  Sw 
saline  bases,  than  muriatic  acid  has. 

Sulphur  deoxidizes  this  hyper-oxide  at  a  moderate  temperatura, 
and  is  converted  into  iodate  of  sulphur.  When  the  compound,  i* 
healed,  the  acid  reduces  the  oxide  of  sulphur,  and  flies  off  in  the 
state  of  hyper-oxide,  leaving  the  sulphur  behind. 

Phosphorus  decomposes  hyper-oxide  of  iodine,  and  forms  different 
compounds,  according  to  the  propoition  of  phosphorus  employed. 
One  part  phosphorus  and  eight  parts  hyper-oxide  of  iodine  form  an 
iodate  of  phosphorus,  which  has  a  yellow  colour,  and  is  decom- 
posed by  water,  by  which  we  obtain  hydrous  iodic  acid,  and  (the 
oxide  of  phosphorus  being  decomposed)  phosphorous  acid  and  phos- 
phoias.     When  a  greater  pto^iuoa  ot  ^\n»^Voiw\s.  twi^Vo^d,  the 
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KccH  immediately  separates  from  the  cumpound,  and  we  obtaia 
phosphonis  in  the  red  state  to  which  it  is  converted  by  exposure  lo 
the  rays  or  the  sud.  If  we  take  one  part  phosphorus  and  IC  parti 
Iqrper-oxide  of  iodine,  we  form  a  compound  uf  anhydrous,  phos- 
|du)rou3,  and  iodic  acids.  If  we  take  one  part  phosphorus  and  24 
lyper-oxide  of  iodine  (that  is,  l^aa  mui-h),"  we  obtain  phosphoric 
nd  iodic  acids  in  the  snme  anhydrous  state.  When  water  is  addedj 
it  combines  with  the  acids,  the  compound  is  decomposed,  and  thA 
*"  Ids  separated  in  a  hydrous  state.  If  too  mucli  hyper-oxide  of 
'loe  has  been  employed  in  tlie  last  combination,  it  dissolves  in 
hydrous  acid,  and  colours  it.  The  addition  of  a  little  phos- 
7«3  destroys  the  colour. 

'le  greater  affinity  of  iodic  acid  to  oxyi^en,  and  the  smaller  to 
,  indicates  that  hyper-oiiide  of  iodine  is  capable  of  combining 
several  bodies,  by  which  oxymuriatie  acid  is  instantly  decoiH'' 
),  Hence  this  hyper-oxide  unites  with  various  bases,  in  whicli 
ibinatioQs  it  exists  as  a  hyper-oxide,  as  with  ammonia,  limey 
leua,  and  probably  with  others.  The  compound  with  ammonia 
ick,  and  is  produced  without  decomposition  from  some  elastic 
Itioos.  As  the  hyper-oxide  has  a  weaker  affinity  for  ammonia 
lllBll  water  has,  tlie  compound  is  decomposed  by  water,  liquid  am^ 
BKmia  is  formed,  by  which  the  hyper-uxidc  is  converted  into  iodio 
Kid,  the  hydrogen  of  a  portion  of  the  ammonia  uniting  with  tbd 
nygen  of  the  hypet'  oxide,  and  forming  water.  The  azote  thus  set 
•I  liberty  decomposes  another  ])ortion  of  the  hyper-oxide,  and  formd 
la  insoluble,  pulverulent,  black  compound  of  nilrous  acid  and 
Kdic  acid,  both  in  an  anhydrous  slate.  This  double  acid  has  the 
property  of  being  decomposed  with  an  explosion  in  a  still  higher 
wgree  than  the  corresponding  compound  of  nitrous  acid  and  mif 
riatic  acid.  In  a  liquid  state  this  body  is  gradually  decomposed 
iponianeously,  azote  is  disengaged,  and  bydrotis  iodic  acid  and 
hyper-"xide  of  iodine  formed. 

Hyper-oxide  of  iodine  combines,  likewise,  with  various  vegetable 
bodies,  as  sugar,  starch,  gum,  without  undergoing  decomposition  j 
just  as  we  know  that  the  same  vegetable  bodies  can  combine  witb 
other  binary  oxides,  as  the  oxide  of  lead.  At  a  high  temperature^ 
'  f  dry  distillation  for  example,  these  compounds  are  decomposed^ 
le  hydrogen  decomposes  the  hyper-oxide,  and  the  product  of  the 
dittillatioQ  contains  iodic  acid. 

3.  Hyper-oxiodic  Add. 
Tien  the  hyper-oxide  of  iodine  is  placed  in  contact  with  oxy- 
iatic  acid  gas,  a  combination  takes  place,  and  a  yellowish,  veiy 

imben  are  taken  from  Gay-Lnssac.    They  can  scarcely  be  sccurole. 
UivF|iropnr(iun  at  16  &iid  S4  be  cocrccl.a  cely  Ue  doubted, 

aur  raiioiaie  of  Uie  (ontlilueata  ef  ih*  act  ipborui  it  iicor- 

\mX htnt  loD( iiwpeclcd. 
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_  acid  body,  is  formed,  which  volatilizes  in  the  open  air.  If  there  be 
an  excess  of  oxymuriatic  acid  gas,  a  part  of  it  is  dissolved.  This 
bo4y  is  a  compound  of  hyper-oxiodic  acid  and  muriatic  acid,  which 
is  .evolved  because  the  hyper-oxide  of  iodine  decomposes  the  oxy- 
muriatic acid.  If  an  additional  portion  of  hyper-oxide  of  igdine  be 
piixed  with  the  double  acid,  it  is  dissolved,  and  the  solution  acquirei 
fi  dark  orange  colour,  the  intensity  of  which  increases  with  tlie  pro- 
portion of  hyper-oxide  of  iodine.  When  the  double  acid  is  heated^ 
the  same  solution  is  obtained,  because  the  muriatic  acid  agaia 
absorbs  oxygen  from  the  hyper-oxiodic  acid,  reduces  it  to  hype^ 
oxide  of  iodine,  and  ilies  off  in  the  state  of  oxymuriatic  acid,  tf 
the  double  acid  be  dissolved  in  water,  and  saturated  with  caustic 

{lotash,  we  obtain  muriateof  potash  and  hyper-oxiodate  of  potasfa« 
f  there  be  a  portion  of  hyper-oxide  of  iodine  in  solution,  it  is  pre- 
cipitated by  the  first  portions  of  the  alkali,  but  is  soon  redissolved. 
Sulphate  of  indigo  is  deprived  of  its  colour  by  the  double  acid; 
^nd  the  solution  t^en  contains  only  common  iodic  acid  and  muriatic 
acid. 

When  hyper-oxide  of  iodine  is  thrown  into  caustic  potash,  a 
colourless  solution  is  obtained.  In  this  case  the  hyper-oxide  ]i  dfr* 
composed  in  the  jsame  manner  as  the  oxymuriatic  acid.  The  exces 
of  oxygen  is  concentrated  in  a  smaller  portion  of  the  hyper-oxide 
forming  hyper-oxiodic  acid,  while  the  greater  portion  is  converted 
into  iodic  acid.  The  .hyper-oxiodate  of  potash  precipitates  from  the 
liquid  ir\  the  state  of  a  difficultly  soluble  powder.  Soda,  lime, 
barytes,  and  strontian,  produce  the  same  phenomena,  with  all  of 
whicli  hyper-oxiodic  acid  forms  difficultly  soluble  salts.  When 
these  salts  are  heated,  they  are  converted  into  common  iodates, 
while  a  quantity  of  oxygen  gas  is  given  out.  In  order  to  obtain  the 
greatest  quantity  of  hyper-oxiodic  acid  from  a  given  portion  of 
hyper-oxide  of  iodine,  the  best  method  is  to  convert  the  hyper- 
oxide  into  an  acid  by  means  of  oxymuriatic  acid,  and  then  to  satu- 
rate the  double  acid  with  the  requisite  base.  The  hyper-oxiodic 
acid  may  be  obtained  in  a  crystallized  form  by  decomposing  hyper- 
oxiodate  of  barytes  by  means  of  diluted  sulphuric  acid.  The  liquid 
is  then  to  be  concentrated  by  evaporation,  and  allowed  to  crystal- 
lize,    The  crystals  are  colourless. 

When  4  cpnceptratcd  solution  of  lodate  of  magnesia  is  mixed 
with  a  solution  of  hyper-oxiodate  of  magnesia  likewise  concen- 
trated, a  flea-coloured  matter  falls  down,  which  is  a  compound  of 
hyper-oxide  of  iodine  and  magnesia.  Lime  and  strontian  produced 
something  similar,  though  in  a  less  degree.  The  property  seems  to 
belong  to  the  weaker  bases.  Hence  the  hyper- oxiodates  cannot  bj 
obtained  by  treating  them  directly  with  hyper-oxide  of  iodine. 

"ir  ^  ^  5*  *  4r 

The  greatest  part  of  the  preceding  sketch  has  been  taken  from 
G'ay-Lussac's  excellent  treatise.  As  I  have  hitherto  leen  only  on« 
fjalf  ot  it,  many  defects  must  unavoidably  pccur  in  this  attempt  4 
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mine.  But  every  person  may  easily  fill  them  up  for  himself  accord- 
ing to  the  lauguage  of  the  old  theory. 

Conchision. 

V  To  decide  the  question  respecting  the  three  bodies,  of  which  I 
bave  been  treating,  completely  in  favour  of  the  old  doctrine,  it 
vouid  be  undoubtedly  necessary  to  produce  the  combustible  bases  ot 
muriatic  acid,  iodic  acid,  and  fluoric  acid,  in  a  separate  state.  But 
tt  present  this  is  not  possible.  But  how  can  it  be  fairly  concluded 
fiom  this  that  such  a  decomposition  may  not  hereafter  be  in  the 
{X)wer  of  chemists  ;  and  how  can  such  a  circumstance  be  objected 
as  a  decisive  proof  against  the  accuracy  of  the  old  doctrine  ?  Sup- 
pose that  in  the  year  1806  a  chemist  had  asserted  that  the  alkalies 
were  sinaple  bodies,  and  not  (as  Lavoisier  had  conjectured  from  their 
loalogy  with  other  salifiable  bases)  oxides,  and  had  supported  thi^ 
assertion  by  observing,  that  hitherto  it  had  been  impossible  to  re- 
duce the  alkalies,  it  will  be  admitted  that  such  a  chemist  would 
have  argued  erroneously,  although  his  assertion  would  not  have 
been  refuted  so  completely  by  alleging  the  arguments  of  Lavoisier 
as  it  would  have  been  by  reducing  the  alkalies.  This  example  may 
be  applied  to  the  present  philosophy  of  the  supporters  of  the  new 
(bctrine,  as  they,  disclaiming  all  analogy,  require  the  reduction  of 
muriatic  acid  as  the  only  thing  capable  of  refuting  the  new  doctrine. 
In  the  year  1806  we  were  not  aware  of  the  reducing  power  of 
Davy's  electrical  piles  and  troughs ;  and  who  at  present  can  estimate 
the  energy  of  an  electrical  battery  a  thousand  times  greater  in  all 
dimensions  than  those  which  he  employed. 

I  think,  then,  that  though  it  be  not  in  our  power  at  present  to 
prove  and  establish  our  position  by  experiment,  it  ought  not  to  be 
permitted  in  chemical  philosophy  to  build  any  thing  on  this  impos- 
ubility,  nor  to  lay  aside  as  false  and  absurd  what  appears  exceed-^ 
iDgly  probable  in  other  points  of  view,  and  because  it  is  not  in  our 
power  to  allege  positive  experiments,  to  allege  that  our  opinions  are 
destitute  of  all  positive  evidence  whatever.  We  surely  should  take 
such  views  of  the  subject  that  posterity  (as  the  progress  of  experi-o 
menting  will^lways  bring  new  facts  into  view)  wiU  rather  be  dis- 
pose to  confirm  than  refute  our  present  conjectures.  This  can  only 
be  done  by  carefully  studying  analogy,  and  confining  ourselves  to 
conjectures  which  are  conformable  to  those  parts  of  chemistry 
which  we  consider  as  established.  Whoever  lays  hold  of  a  parti- 
cular phenomenon,  and  considers  every  thing  else,  how  probable 
soever,  provided  it  be  not  established  by  actual  experiment,  as  in- 
accurate, merely  that  he  may  establish  a  new  hypothesis,  however 
little  it  may  accord  with  the  rest  of  chemistry,  is  in  danger  that 
some  other  chemist  shall  be  more  fortunate  than  he  in  his  view  of 
the  phenomenon,  and  that  posterity  shall  consider  him,  not  without 
juatice,  as  short  sighted  in  his  views. 

Since  Davy  has  discovered  that  the  alkalies  and  alkaline  eaitiis 
are  trup  oi^id^s,  we  conclude  that  alumina,  zirconia^  glucma^  ^,W5i 
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yttria,  are  likewise  oxides,  akliough  hitherto  nobody  has  succeeded,! 
so  far  as  I  know,   in  his  attempt  to  separate  osygen  from  (bete  I 
bodies.     Yet  do  chemist  haa  any  doubt  about  the  accuracy  of  itie  I 
conjecture,  as  he  sees  the  analogy  between  these  bodies  and  tl 
oxides  of  zinc,  manganese,  cerium,  &c.    But  have  we  less  rrafti  ^ 
from  the  stlil  greater  analogy  of  muriatic  acid,  iodic  acid,  aall 
fluoric  acid,  with  sulphuric  acid,  nitric  acid,  and  phosphorit;  icid, 
to  draw  the  consequence  that  the  former  as  well  as  the  latter  addi 
are  composed  of  a  combustible  basis  united  to  oxygen,  although 
hitherto  we  have  not  been  able  to  reduce  them  ?     Or  can  we  witk 
propriety  affirm  thai  we  can  make  no  further  progress  in  this  sub> 
ject,  and  that  our  posterity  never  will  be  able  to  reduce  these  bodis' 
by  methods  at  present  unknown  to  lis  ?     I  do  not  believe  that  any 
philosophical  cheotist  is  of  this  opinion. 

What  I  have  said  respecting  the  disputed  doctrines  concemiug 
the  nature  of  muriatic  acid,  fluoric  acid,  and  iodic  acid,  seems  to 
me  sufficient  to  determine  the  choice  of  the  unbiassed  reader.  I 
have  always  spoken  in  favour  of  the  old  doctrine,  because  I  concdn 
I  have  shown  that  the  new  doctrine  neither  agrees  with  the  electro- 
chemical  theMy,  with  the  laws  of  affinity,  nor  with  the  doctrine  of 
definite  pro|K)rtions.     Nor  does  it  in  general  accord  with  the  other 

Iiarls  of  chemical  science,  in  so  far  as  under  this  name  we  compie* 
lend  a  system  of  propositions  which  agree  completely  with  cad 
other.  But  whoever  has  no  reason  to  consider  the  general  doctrine 
of  chemistry  as  false  must  reject  every  particular  doctrine  which  ■ 
inconsistent  with  it.  If,  therefore,  chemical  theory,  as  fiu-  as  it  il 
founded  on  electro- chemical  discoveries,  and  on  the  doctrine  of 
(chemical  proportions,  be  correct,  it  follows  as  a  consequence  thit 
tlie  new  doctrine  must  be  inaccurate. 

I  shall  equally  admit  the  inaccuracy  of  the  old  doctrine  wbenenf 
any  person  shall  produce  an  experiment  respecting  muriatic  acid, 
iluoric  acid,  or  iodic  acid,  which  cannot  be  explained  by  that  doc- 
trine so  as  to  accord  with  the  other  parts  of  chemical  theory.  But 
I  will  never  declaie  myself  an  advocate  for  the  new  theory  til!  thU 
dpctrine  be  shown  to  agree  completely  with  the  other  branches  of 
Rciencc,  which  has  been  built  upon  the  ruins  of  chemical  theotv 
overthrown  by  it.  For  I  demand  imperiously  of  shcIi  a  chemicu 
explanation  that  it  shall  agree  with  the  other  parts  of  the  science, 
fvnd  incorporate  itself  with  it.  Unless  this  he  the  case,  I  miut 
reject  it,  as  the  admission  of  it  would  of  necessity  occasion  a  revo- 
lution in  those  branches  of  tlieory  which  are  inconsistent  with  it. 

I  conclude  with  requesting  chemists  to  pay  attention  to  wbill 
have  said.  If  the  mistake,  contrary  to  my  opinion,  should  be  M 
the  side  of  tht-  old  doctrine,  perhaps  it  would  be  a  task  not  unwoitby 
of.  the  attention  of  a  supporter  of  the  new  doctrine  to  take  tba 
trouble  to  place  the  facts  noticed  by  me  in  a  better  point  of  view, 
aaA  to  render  the  arguments  in  favour  of  tlie  new  doctrine  so  cUu 
tli|U  ibey  shall  Dot  tail  to  draw  conviction  aftei  tliem. 


^mngmiri^s  Ohjeclions  to  Sir  H.  Davy's  Lav^.  *. 


to  Mr.  Longmire's  Objections  lo  Sir  H.  Davy's  LamprA 
By  J.  G.  Children,  Esq.  F.R,S.  ' 

(To  Dr.  Thomson.) 
|^,p;^R  SIR, 

,  from  the  conver5atioa  I  had  with  you  on  the  suhjectt 
^  I  had  the  pleasure  of  meeting  you,*  that  you  do  tu^.  1 
BDteriain  the  same  high  opinion  of  the  c;Kcellence  of  Sir  H.  Davy'ij 
lamp  that  1  do,  I  am  the  less  surprised  at  meeting  in  the  last  numbec  | 
erf  your  Annals  the  remarks  of  Mr.  John  B.  Longmire,  In  hit. 
^leoiag  paragraph,  Mr.  Longmire  deprecates  personal  attacks.  Of 
such  i  shall  hardly  be  accused,  a^  1  am  not  aware  that  I  ever  had, 
>he  honour  of  seeing  your  Correspondent ;  and  as  to  his  remarks,  t, 
^eilainly  receive  them  with  at  least  as  much  good  u/iU  as  they  ar^i 
|iren.  I 

Hr.  L.  next  proceeds  to  describe  the  lamp ;  in  doing  winch  he 
night  as  well  have  remembered  to  mention  the  inclined  tube,  fop,   | 
the  supply  of  fresh  oil,  and  the  contrivance  for  occasionally  trim-.  J 
niag  the  wick,  without,  in  cither  instance,  making  it  necessary  to.  ^ 
t^n  the  lampj  both  circumstances  of  material  importance  lo  ilkC. 
JKrfectioo  of  the  instrument.     He  then  describes  the  operation  of 
litf  lamp,  and  admits  that  inflammable  gases  cannot  be  set  fiie  to 
by  means  of  it  when  newli/  made;  "  but  when  its  materials  bav^ 
ieguu  to  wear^  an  ample  source  of  accident  is  opened."    Before  I 
go  further,  1  shall  take  the  liberty  of  quoting  a  passage  from  a 
paper  in  the  last  number  of  the  Philoscphieal  Magazine,  by  Mr.  L 
Murray ;  whose  opinion  on  scientific  subjects,  especially  in  the  de> 
partment  of  chemistry,  few  will  feel  inclined  Co  treat  lightly.     H« , 
says,  '<  Parallel  barsl  found  prevented  the  communication  of  flainfj 
viith  equal  facility  as  wire  gauze.  The  interval  must  not  esceed  ^thj 
of  an  ioch.     Here,  therefore,  is  a  limit  pointed  out  to  us.     If  the>, 
inches  are  -^th  of  an  inch  apart,  no  danger  would  occur,  should  ^ 
an  accident  break  down  the  alternate  one.     Wlien  the  bars  ar*. 
crcescd  by  others  at  right  angles,  it  constitutes  a  double  security." -^^ 
Now  the  meshes  in  Sir  Humphry  Davy's  lamp  are  only  -^tli  of  aij  , 
inch,  as  Mr.  Loogmire  states,  asunder;  consequently  every  alteir  , 

•  Since  Ihp  cDmenalian  lo  which  Mr.  CliUdrrD  ntluriea,  I  tlicnt  a  night  «t 
Nt*ras(le,  and  (odIi  Ihc  opponunitv  of  makiae  «nn>e  inquiry  iiiluilitprnenUIMa 
•>(  Ibe  ci>a|.ininc3  \a  (batncighboitthuod.  Frnn  (he  iafDrmBiion  whtclil  raeein^n 
lu  utiiBtd  Ifaal  Sir  K.  Ubvj'h  lasip  ii  I*  general  \ar,  that  it  icrve&tha  parpiisa*.  i 
>[  tki  colliery,  and  ligal  Ulhrrta  it  has  lieeD  em])1o7i-d  nilh  perfecl  safely.  1  Bi^j. 
'"ppy,  [heri-fure.  In  iofrino  my  friend  Mr.  Children  thatinj  opinion  of  ibe  safety 
■up  is  D0«  a;  favourable  ai  hit  avin.—T.  ' ' 

t  Mr.  Muiray,  in  a  sDlneqiipnt  part  of  hit  commmicatitni,  ilatet  Ibst  flariM  >- 
^  BDi  iLiadlET  Kuupawder.    Thit  'u  n  miatake.     If  gfaias  of  gunpandei  be  'uf--^  J 
fctrt  lo  fall  throug'h  ihe  flamr  of  a  tuirlt  loiBD  (withaulLoinJ»iut\Ufn\tV\,T«"^     ■* 
VAw  wm  mkr  err  and  ripla<ir.  ^ 
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□ate  wire  might  be  removfd,  without  reacliing  the  maximuni  ^i 
safe  disiance.     I  humbly  submit,  therefore,  that  the  lamps  m 
have  a  liltlcmore  than  legtin  to  wear  before  danger  can  ensue  fn 
that  cause.   If  the  nihier  will  me  his  lamp  after  it  is  worn  out,  i 
is  DO  fanlt  of  Sir  Humphry  Davy's.    So  much  for  argument  Nal 
of  this  controvf)-sialist. 

To  proceed  :  "  It  would  appear,"  says  Mr.  L.,  "  that  even  tl 
construction  of  the  lamp  containing  in  itself  the  seeds  of  futu 
uncertainty,  is  a  conclusion  which  may  be  drawn  from  Sir  Humpti 
Davy's  own  words."  I  suppose  Mr.  h.  means  to  say,  in  this  ve 
obscure  sentence,  which  can  scarcely  be  called  English,  that  ftoa 
Sir  H.  Davy's  own  account  the  construction  of  the  lamp  is  imp&t , 
feet.  Had  Sir  H.  Davy  ewer  asserted  its  absolute  perfection,  fie 
would  have  merited  Mr,  Longmire's  attack;  but,  on  the  conxm^ 
be  candidly  states  those  particulars  in  which  he  considers  it  impc^ 
feet,  and  suggests  the  best  means  that  occur  to  him  to  remedy  the 
defects.  I  shall,  however,  vcijiure  to  go  further,  and  assert,  whtf 
Sir  H,  Davy's  delicacy  would  not  permit  him  to  do,  that  this  laiqp 
is  for  all  jiractical  purposes  as  peifed,  or  iliore  so,  as  the  most  ]^ 
proved  instruments  employed  in  ait,  science,  or  the  common  open- 
tions  of  life,  usually  are,  especially  at  their  first  introduction.  It 
is  not  to  be  expected  that  absolute  perfection  is  attainable  in  thb| 
more  than  in  other  things ;  and  so  far,  I  grant,  perfect  securitti  is  a 
want  which  the  colliers  will  probably  never  get  over.  But  it  i&DBt 
in  the  principle  or  construelion  of  the  lamp,  but  in  the  materia^ 
of  which  it  is  not  of  necessity  made,  that  the  very  small  imperfec- 
tions that  can  be  attributed  to  it  consist;  and  the  unqualified  testi' 
mony  of  Mr.  Buddie,  and  a  large  number  of  the  most  respectable 
practical  miners,  to  the  perfect  success  which  has  attended  every 
experiment  made  with  the  lamp  in  the  mines,  and  its  general  tiX 
for  the  last  three  months,  is  a  pretty  suBicient  answer  to  Mr.  Long^ 
mire's  assertion,  "  that  verv  few,  if  any,  practical  miners  will  coQH 
before  the  public,  and  pledge  their  credit  on  the  unrestricted  asser- 
tion that  Sir  Humphry  Davy's  lamp  will  give  the  perfect  secuiity  » 
much  boasted  of."  Still,  Mr.  h.  will  say,  I  suppose,  that  nin 
(copper,  or  Itoss,  I  believe,  and  uot  iron,  as  he  states,)  will  bresk 
and  burn,  and  the  lamp  will  wear  out ;  and,  therefore,  it  is  an  in- ! 
.perfect  invention,  and  little  worth.  According  to  this  reasoDii^ 
we  should  avail  ourselves  of  no  invention  the  ingenuity  of  man^ 
supplied  us  with  ;  for  none  are  without  the  same  faults.  The  coin* 
pass,  and  the  ship  that  steers  by  it,  should  equally  be  abandtHied; 
tor  both  are  liable  to  destruction!  But,  after  all,  what  do  these 
great  imperfections,  which  Mr.  Longmire  so  triumphantly  lays  hoH 
of,  from  '  Sir  Humphry  Davy's  own  confession,'  amount  to?  WhJ 
to  this:  thattiie  lamps  must  be  trimmed  every  day  (as  most  lam^ 
must],  and  that  it  will  be  well  to  employ  particular  persons  for  tbu 
work,  who  shall,  besides,  so  secure  the  lamp  in  its  place,  wImQ 
trimmed,  thattlie  carelessness,  which  long  security  is  apt  to  induK) 
shall  not  expose  the  authors  of  it  to  destruction.     I  see  nothing  vu][ 
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S^itant  against  the  common  sense  perfection  (to  use  such  an  expres- 
Ifon)  of  the  lamp  in  all  this ;  nor  does  it  strike  me  that  an  Argus 
Irill  be  necessary  to  inspect  them ;  for^  though  Mr.  L.  has  thought 
Vworth  his  while  to  count  the  number  of  apertures  (of  which  he 
ibforms  us  there  are  between  14,000  and  16,000  in  each  lamp),  yet 
J  do  not  think  the  inspector  need  be  so  curious  ;  but  rather  conceive 
ViBt  a  very  cursory  glance  will  be  sufficient  to  detect  any  broken 
^ires,  or  enlarged  spaces.     But  suppose  that   were   necessary,  a 
^tey  simple  method  may  be  adopted,  which  would  answer  the  pur- 
jiosle,  and  save  the  inspector's  eyes.    A  parcel  of  small  spheres 
^tent  shot,  for  instance)  a  very  little  larger  than  the  mesh  of  the 
\rire-gauze,  may  be  put  into  the  cylinders,  so  as  to  spread  over  its 
whole  interior  length,  and  the  cylinder  then  turned  gently  round  in 
•  horizontal  position,  when  the  escape  of  some  of  the  shot  through 
the  enlarged  spaces  would  immediately  detect  them.  But  the  screw^ 
It  seems,  is  a  sad  stumbling  block  to  Mr.  Longmire,  who  pro- 
fe3se§  his  inability  to  advise  the  inspector,  /o  a  certainty y  how  to 
wmage  it;  and  even  Sir  Humphry  himself,  he  says,  "  will  he 
puzzled  to  do  it.'^    I  should  suppose  Sir  Humphry  would  advise  the 
inspector  to  turn  it,  as  the  simplest  mode  of  managing  this  difficult 
operation.     But  perhaps  it  is  not  the  mere  screwing  on  the  bottom 
of  the  lamp  that  Mr.  Longmire  means  (though  certainly  all  his 
words  express),  and  this  sentence  is  intended  to  be  taken  in  con- 
nexion with  those  that  follow,  in  which  he  complains  that  if  the 
^  lamps  are  to  be  padlocked  by  one  person,  when  a  collier  loses  his 
light  he  has  to  travel  in  the  dark  (probably!)  till  he  find  the  man 
with  the  key ;  that  is  to  say,  he  is  to  travel,  if  he  can  find  his  way 
in  the  dark !  "  (which,  by  the  bye,  in  a  former  sentence  Mr.  Lb 
i^s  told  us  he  can  do).     "  If  they  are  not  padlocked,  and  every 
miner  has  the  management  of  his  own  lamp,  it  is  not  to  be  sup- 
Wed  that  every  one  will  always  go  to  the  place  fixed  on  to  light  the 
ttinp ;  when  they  are  in  separate  workings,  and  alone,  they  will 
licht  them  in  less  distant  places,  which  they  think  suitable,  but 
wbieh  will  not  be  always  safe.    The  lamp,  tlierefore  (mark  you  his 
sbsolute   "  therefore  r')  as  to  construction,  neither  yields  a  de- 
^nble  degree  of  convenience,  nor  absolute  security."    The  second 
olgection  is  already  answered.     Sir  Humphry  was  aware  of  the  ^ 
inopossibility  of  preventing  carelessness,  and  suggested  the  padlock 
to  obviate  its  mischiefs.     As  to  the  man's  being  left  in  the  dark, 
that  cannot  happen  from  the  lamp's  going  out  for  want  of  fresh  oil, 
or  occasional  trimming  of  the  wick ;  both  of  which  are  ingeniously 
provided  for,  as  I  have  already  noticed,  without  opening  the  lamp ; 
W)r  from  its  being  extinguished  by  a  great  accumulation  of  inflam- 
*nable  gas ;  except,  in  both  instances,  through  his  own  negligence ; 
fe,  in  the  latter,  the  miner  will  have  timely  warning  to  ti\jn  back 
^  the  enlarged  fiame,  which  it  is  his  own  fault  if  he  will  not  attend 
to.    A  sudden  blast,  or  other  accident,  may  certainly  sometimes 
kave  him,  if  alone,  in  darkness,  and  then  he  must  find  his  way 
i^cjcas  well  a^  he  can^  which,  I  daresay,  bis  knowledge  of  the 
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's  of  the  mine  seldum   makes  a  very  dangerous  or  i 
opfralion.     But  the  much  greati;r  probability  a,  that  whel 
accidents  happen  there  will  be  more  ihanoDc  lamp  in  coinpi 
it  mu5t  he  iiingiilarly  unfortunate  if  they  are  all  extioguishe 
tht-r.     I  shall  nut  follow  Mr.  Longmire  through  all  the  ifs  h 
and  ingenuity  have  conjured  up  of  possible   cases  in  wh 
fiiocture  of  ii>e  lamp  is  liable  to  injury.     The  principal  0 
largement  of  the  spaces  by  wear  and  burning)  is  already  s 
by  the  a-'sistance  of  Mr.  Murray:  and  as  lo  the  resi>  I 
say  that,  to  the  causes  of  derangement  be  enumerates,  I  v 
ku  not  »dded  one  more  if,  viz.  >/  the  miner  lakes  out  his  li 
cuts  the  wire-gauze  lo  jneces. 

There  is  rather  more  appearance  of  argument  in  Mr.  LoBL__ 
next  pHragraph,  in  which  be  suggests  the  preference  of  the  ■ 
mill  to  the  safe  lump,  under  certain  circumstances;  e?p>ecialty  b' 
the  senrch  for  sufferers,  whom  an  explosion  (produced,  fur  instSDce,  I 
by  the  fire  of  the  ventilating  furnace)  has  buried.  1  am  ready  to  [ 
grant  th»t  the  feeble  light  of  the  steel  mill  is  belter  in  such  circum*  ! 
stances  thun  the  no  light  at  allot  a  lamp  which  would  not  burn. 
But  if  Mr.  Longroire  means  to  contend  for  the  general  preference ! 
of  steel  mills  over  the  safe  lamp,  1  can  only  say  that,  accordingWi 
the  best  information  I  have  received  on  the  subject,  he  must  fmfV 
darkness  to  light.  To  conclude,  in  the  style  of  Mr.  Longtnire,  bat  I 
with  very  opposite  impressions,  1  am  of  opinion  that  the  reputatioB 
which  the  wire-gauze  lamp  enjoys  at  present  is  greatly  Uis  than  ft , 
will  hereafter  obtain,  when  time  shall  have  silenced  the  objectionr 
(I  will  not  call  them  by  a  harsher  name)  that  at  present  may  perhapl 
occasion  doubts  in  some  minds.  The  beauty  and  novelty  of  tl* 
invention,  and,  let  me  add,  the  acuteness  of  induction  by  wbicliit 
was  brought,  step  by  step,  to  its  present  excellence,  by  its  adm)'  . 
nble  author,  are  truly  fair  media  through  which  to  contemjdate  it  J 
but  that  the  obstacles  it  may  meet  with  in  the  mine  have  been  orer- 
looked,  I  deny.  But  1  have  done  ;  and  willingly  meet  Mr.  LoDg- 
mire  on  this  point ;  the  same,  indeed,  to  which  in  our  conversati«9 
we  agree  to  refer  it — the  experience  of  a  few  years  ;  when,  I  harB 
no  hesitation  in  expressing  my  confidence,  that  ifi  real  tUilitt/  will 
asu/n  it  as  high  a  place  in  the  estimation  of  miners  as  ita  incool* 
par.ible  ingenuity  has  given  it  in  that  of  science. 

I  remain,  dear  Sir,  sincerely  yours, 

Sakbam,  Jali/  7,  ISIS.  JoHN    GEO.    ChILDBKH. 


(To  Dr.  Thomson.)  <^^| 

D^It  SIR,  ^^H 

Since  1  wrote  to  you  respecting  Mr.  Ijongmire's  retnarks  on  SIf' 

Humphry  Davy's  lamp,  I  have  read  Mr.  Buddie's  letter  to  Sir 

Humphry,  in  the  Journal  of  Science  and  \\\e  ^rts  of  the  Royal  In- 

tfitalioDf  in  which  1  perceive  lWt.lvtasTOiS»^«n'\'ttva^V»\Si't'^ 
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H  are  made  solely  of  copper  and  brass  wire-gauze.  All  that  I 
^eeen  hitherto  have  been  made  of  \\\ose  oiaterialst  and  I  was 
■(Ware  that  iron  wire  had  been  employed.  The  fact,  liowever, 
p  oxidable  a  metal  being  completely  adapted  to  the  purpose,  it 
faonal  testimony  of  the  safety  of  the  instrument ;  and  should 
f  doubts  remain  in  the  most  sceptical  minds  of  the  efficacy  of 
lamp,  I  think  a  perusal  of  Mr.  Buddie's  letter,  and  the  annexed 
ervations  by  Sir  Humphry,  must  entirely  do  them  away;  unle»t 
ttbstinate  prejudice,  or  a.  worse  feeling,  render  them  insensible  to 
■lie  impressions  of  truth. 

I  am  ever,  dear  Sir,  very  truly  yours, 
■■ifAaDi,  J¥(ji  10,  isifl.  J.  G.  Childrbn. 


Article   VI, 

hOn  Safely  Lamps/or  Coal  Mhies.    By  J.  H.  H.  Holmes. 

t  is  unnecessary  to  make  any  further  remarks  than  what  hava 
idy  been  made  upon  the  importance  of  these  inrentions,  and 
eat  necessity  of  eK|>osiug  ihem  to  the  examination  and  scrutiny 
,. !  public.  Unconscious  of  any  prejudiced  motives,  or  any 
i  desire  than  that  of  prumotlng  the  interests  of  mining,  and  the 
Jpty  of  the  miners,  I  observe  with  iiidlrterence  the  pointed  asper- 
■  of  other  writers,  and  readily  attributing  the  warmth  of  some  to 
(  tenacity  for  a  premature  reward,  I  dismiss  their  observattonS| 
iral  in  their  origin,  but  ineffectual  in  their  application. 
I  the  dispassionate  and  sensible  remarks  of  J.  B.  Longmire, 
[•  it  is  almost  unnecessary  to  start  more  real  objections  to  the 
re-gauze  lamps  than  what  he  has  therein  mentioned ;  but  I  have 
previously  disputed  their  security,  and  feel  myself  pledged  to' 
society  to  substantiate  the  objections  1  have  made  upon  the  best  pos- 
sible testimony.  Indeed,  were  I  not  to  do  this,  my  motives  might 
be  attributed  to  malevolence,  or  my  observations  to  ignorance ;  but, 
diicarding  any  wieri;  of  these  epithets  myself,  I  regret  that  they 
tnould  have  been  thrown  out  against  any  person  who  has  com- 
meated  upon  safety  lamps. f 

In  this  country  every  individual  has  the  privilege  of  assenting  to^ 

ot  dlssentijig  from,  any  subject  or  matter  according  to  his  own 

opinion ;  and  so  long  as  his  arguments  are  founded  upon  facts  withia 

.    Ills  own  knowledge,  the  opposition  of  interested  parties  is  nugatory 

U)d  unavailing. 

1  should  have  hut  little,  if  any  hesitation,  in  proceeding  through 
smme  rendered  dangerous  by  fire-damp,  with  the  gauze  lamp,  pro- 
ving there  was  the  probability  of  my  proceeding  without  many 


I 

I 


t  Vide  Tilt.  PhU.  Ua«.  S\&'] 
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accidental  circumstances,  which  might  break  throUgli  the  wkcj^i 
without  encountering  some  powerful  blowers  of  gas,  or  strong 
zents  of  air ;  as  the  former  would  most  likely  force  the  inflami 
of  the  gas  through  the  wire^  particularly  after  the  cylinder 
warm,  and  the  latter  would  cover  the  lamp  with  a  coating  of 
dust,  and  render  it  liable  to  communicate  explosion  ;  for  laaddit 
to  my  experiments,*  1  have  been  informed  by  Mr.  Wood,  a* i 
respectable  viewer,  that  two  wire-gauze  lamps  were  procured,^! 
way  of  trial,  for  L^dy  Vane  Tempest's  minesj  but  were  found 
ineffectual,  that  they  are  totally  disused;  the  gas,  when  inf 
within  the  cylinder,  was  forced  through  the  wire  apertures  by 
current  of  gas  issuing  from  a  gas  pipe,  at  which  the  experiment  m] 
made,  and  the  light  was  so  feeble  that  it  could  not  be  kept  in  d( 
one  of  the  shafts. 

Mr.  Buddie,  in  speaking  of  the  wire  lamps,  says,  "  I  have  not^! 
however,  thought  it  prudent  in  our  present  state  of  experience  lo^ 
persist  under  such  circumstances  (where  the  explosive  mixture  iss> 
high  as  to  fill  the  cylinder  with  flames,  and  render  it  red-hot),  be- 
cause I  have  observed  that  in  such  situations  the  particles  of  coat 
dust  floating  in  the  air  fire  at  the  gas  burning  within  the  cylinder, 
and  fly  off  in  small  bituminous  sparks."  f 

I  shall  not  remark  upon  the  manner  Mr.  Buddie  has  endeavoured 
to  palliate  this  danger ;  for  however  his  friendly  intentions  may  in- 
duce him  to  pass  over  real  objections,  his  determination  not  to  use 
them  under  such  circumstances  is  a  strong  proof  of  their  insecorityi 
and  yet  the  inventor,  in  his  observations,  J  says,  that  no  danger 
exists  from  the  presence  of  coal  dust,  &c. :  but  I  fear  his  experi- 
ments have  been  too  much  confined  to  the  laboratory,  without  con- 
lidering  the  air,  currents,  &c.  &c.  &c.  of  a  coal-mine  to  their  full 
extent.  I  am  sorry  that  Sir  H.  Davy  should  have  made  me  active 
in  supporting  my  objections  to  his  apparatus,  as  I  would  much  rather 
bear  testimony  of  his  general  abilities  and  distinguished  eminence 
as  a  chemist  and  a  philosopher. 

Notwithstanding,  however,  all  the  security  which  has  been  stated 
to  exi.4t  in  the  wire  lamps,  additional  meshes  or  coverings  of  wire 
are  now  suggested,  which  certainly  would  not  have  been  necessary 
had  they  possessed  all  the  recommendations  spoken  of  in  the  nume- 
rous accounts  which  have  been  published  of  them  ;  and  the  cylindefi 
of  copper  perforated  with  small  holes  was  first  adopted  by  Mr,  Ste- 
phfenson.  With  all  these  objections,  the  wire  lamps  have  much 
merit;  and  had  not  the  constructor  endeavoured  to  enhance  that 
merit  by  detracting  from  the  value  of  other  inventions,  he  would 
have  stood  much  higher  in  my  estimation. 

Whatever  may  have  been  done  by  the  abilities  of  those  who  have 
devoted  their  attention  within  the  last  year  to-mine  lamps,  nothing 

*  Vide  AnnaU^  for  August,  p.  129. 

f  Journal  of  Science  and  the  Arts,  No.  ii.  1816,  p.  303» 

i  ibid.  p.  306.    Ti\locV%  PkU.  Mai;,  for  July,  p.  84. 
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fen  exceed  the  merits  of  Dr.  ClanDy,  who  firsts  and  so  long  ago^ 
inmenced  the  subject,  without  any  thought  or  any  wish  about 
pvud,  except  what  the  mind  derives  from  having  rendered  a  ser- 
"~  to  bainanity.  His  exertions  now,  however,  entitle  him  to  that ; 
I  am  happy  to  find  that  there  is  a  strong  sentiment  rising  in  his 
amongst  the  coal  owners.  His  motives  originated  purely  ja 
lence;  and  the  observation  of  Mr.  Murray,  in  the  last 
ber  of  Tilloch's  Magazine,  that  ^^  science  never  shines  with  a 
mer  lustre  than  when  exerted  in  the  cause  of  humanity,'' 
more  properly  to  Dr.  Clanny  than  to  him  to  whom  it  is 
red. 

His  last  invention  ^  is  a  singular  apparatus  for  burning  the  gat 
Amugh  steam.  In  this  lamp  the  air  necessary  for  combustion 
DBsses,  by  means  of  tubes,  through  a  cistern  of  steam,  and  the 
knp  continues  to  bum  with  a  very  brilliant  light  while  surrounded 
\fj  inflammable  air,  for  the  flame  consumes  all  the  gas  attracted 
through  the  tubes,  without  any  explosion  or  re-action ;  and  there  is 
vo  comparison  between  the  brilliancy  of  its  light  and  the  dimness  of 
others. 

J.   H.   H.   HOLMBS. 


(copy.) — Certificate. 

0 

Herrington,  Aug,  ^,  1816. 

I  this  day  made  some  experiments  upon  Dr.  Clanny's  new  steam 
^pp,  at  the  Herrington  Mill  Pit,  accompanied  by  Dr.  Clanny,  and 
iQaae  in  the  presence  of  Mr.  Patterson,  the  engineer,  and  a  great 
timber  of  pitmen,  &c. 

The  principle  of  security  in  this  lamp  was  clearly  demonstrated  by 

ipidying  the  tube  through  which  the  air  enters  into  the  steam  cistern 

to  a  leaden  tube  conveying  a  strong  current  of  gas  from  the  gas  piper 

of  the  mine.     In  previous  experiments  upon  Dr.  Clanny's  insulated 

lamp,  an  explosion  was  always  produced  when  the  quantity  of  gas 

whnin  the  chamber  had  mixed  up  the  atmospheric  air  to  the  firing 

point ;  but  in  this  case  the  light  continues  to  burn  with  an  increased 

flame  when  the  stream  of  hydrogen  is  not  too  strong ;  but  when  the 

lir  tube  of  the  lamp  is  put  close  to  the  leaden  pipe  conveying  gas 

from  the  mine,  a  bright  blue  flame  extends  itself  for  a  moment 

within  the  lamp,  and  then  quietly  dies  out,  without  any  exterior 

communication,  and  without  any  explosion  whatsoever ;  so  that,  in 

fact,  this  lamp  burns  the  gas,  and  gives  a  more  brilliant  light  than 

any  other. 

J.    H.    H.    HoLME^, 

Anthony  Brown, 
William  Patterson. 

*  See  my  Treajise  on  Coal  Mines,  p.  209. 
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P.S.  When  I  went  out,  Patterson  was  below  grouod,  woriciogit  . 
tlie  bottom  of  an  engine  pit,  in  a  most  dangerous  mine,  where  M 
IiKlits,  except  Dr.  Clanny's,  have  been  lor  years.  He  Iwd  ooti  c 
the  sieam  lamps  wiili  him,  and  expressed  the  greatest  coafidencein 
its  security,  and  sa}s  it  gives  a  very  tine  light.  The  wire  lamp  w 
repeatedly  uied>  but  could  not  be  made  to  keep  in  down  the  ^hift. 
J,  H.  H.  E 


Solulian  of  a  curious  Mathematical  Problem. 
By  James  Ivory,  Esq.  F.K.S. 

(To    Dr.    Thomson.) 
II R, 

As  I  perceive  you  sometimes  admit  mathematical  articles  id  to« 
Annals,  I  have  sent  you  a  solution  of  a  curious  problem  abavt 
curves.  This  problem  is  the  subject  of  a  memoir  of  some  lengtl^ 
written  by  ihe  celebrated  Euler,  and  published  in  the  Memoinrf 
Berlin  tor  IJbG.  Euler  is  not  the  first  mathematician  who  coDg> 
dered  the  problem ;  it  had  been  proposed  before,  and  many  soluticH 
had  been  given  of  it.  But  he  is  the  first  who  enierlHiued  cl«f 
notions  about  the  nature  of  it,  showing  that  its  general  sulu&nb 
impossible,  and  thai  it  can  be  solved  only  in  particular  cases.  TUf 
memoir  is  remarkable  for  that  clearness  which  distinguishes  all  lu> 
writings,  and  for  the  admirable  liklll  wilh  which  he  manages  tlit 

Eocesses  of  analysis  so  as  to  accomplish  the  object  he  has  in  view. 
e  follows  a  kind  of  induction,  which  is  often  a  iavourlte  method 
wilh  him.    The  analysis  given  below  is  direct. 
tipl.  T,  1819.  J.   I 


ProLlem. 

To  find  a  curve  such  that  if  any  straight 
line,  B  A  £,  be  drawn  through  a  given 
point.  A,  to  meet  the  curve  in  two  points, 
B  and  b,  and  tangents,  drawn  to  the  curve 
from  these  points,  be  produced  to  meet  in 
D,  the  angle  B  D  i  snail  always  be  equal 
to  a  given  angle. 

l*t  F  A  be  a  fixed  axis  passing  through 
A,  and  let  ip  denote  the  angle  FAB;  then 
both  the  point  B  in   the  Lurve,  and  the 
position  of  the  tangent  B  D,  will  depend  entirely  upon  the  variihlt 
angle  f.    If,  therefore,  t  =  tan.  A  B  D,  then  r  =/if)-    Coo- 


.  \ 
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iMre  the  line  A  B  to  revolve  aboat  A ;  then  when  f  has  incretsed 

^be  equal  to  ^  +  t  (ir  denoting  half  the  circumference),  A  B  will 
e  the  position  A  b^  the  tangent  B  D  will  have  the  direction  b  d^ 
Mad  the  angle  A  B  D  will  be  changed  into  A  b  d.  That  this  is  the 
Wie  will  be  more  easily  apprehended  if  we  suppose  A  ^  t6  cbniinue 
to  revolve  till  it  comes  to  A  B ;  for  it  is  now  clear  that  b  d  w:ill 
<omcide  with  B  D,  and  the  angle  \b  d  with  A  B  D.  It  appears^ 
therefore^  that  the  angle  \b  d  depends  upon  ^  +  tt^  in  the  same 
manner  that  A  B  D  depends  upon  f :  consequently,  if  «/  =5  tan. 
kh  dj  then  t^  =:  ^  (p  +  t).    Suppose  x  =  tan.  ^  f,  then  — 

J  =  tan.  ^  (^  +  t).    In  place  of  supposing  that  t  is  directly  a 

function  of  f ,  we  may  suppose  it  to  be  a  function  pf  x ;  and  then 

V  will  become  the  same  function  of  tan.  4-  (^  +  ^)>  or  of . 

Thus  we  shall  have  t  =  /(x),  and  /  =/  ( ) . 

'  If  A  is  any  odd  number,  we  may^  for  the  greater  generality^  put 

'«  =  tan.  i  X  f ;  for  then =  tan.  4^  (x  ^  -f  x  ^)  =  tan.  -J-  (x  f 

"^  w\  by  dropping  a  certain  number  of  whole  cirgumferences.    It 

.  auQr  be  observed  that  y*(x)  must  not  denote  any  function  whatever; 

^iMjt  must  be  restricted  to  such  functions  of  *x  as  have  one  y^lue 

I  Hify,  cprrespondin^  to  every  value  of  x.    The  expression  f  {x) 

\  littst  not  involve  radicals,  or  quantities  depending  upon  the  subdivi- 

i  Im  of  angles ;  it  must  be  a  rational  and  integral  function  of  x. 

Tins  condition  is  necessary,  in  order  that  the  line  B  b  shall  meet 

tile  curve  in  two  points,  and  no  more ;  one  on  each  side  of  the 

JNHnt  A.  '  J 

Let  a  =s  tangent  of  the  constant  angle  B  D  i ;  then^  because 


t'    —    T 


BD£  =  Aid  —  ABD,  we  have  a  =  ■; , :  therefore  t  —  •/ 

+  a  +  aT/  =  o;  and  by  substituting  the  values  of  t  and  r^, 

/{x)-/(-^)  +  a  +  a/(x)x/(-i)  =0.        (1) 

This  equation  will  determine  the  function  y*(x};  it  remains  to 
consider  how  the  line  A  B  is  to  be  found.  Let  e  be  a  point  in  the 
curve  indefinitely  near  B ;  join  A  e^  and  draw  BO  perpendicular  to 
A  e  J  put  A  B  =  /?,  A  i  =3  / ;  then  BO^fd^,  Oe=  ±dp, 

md  T  =  tan.  A  B  D  =/(x)  =  i^.    Thus  we  get 


'The  problem  is  now  reduced  to  find  what  function  will  answer 
^  f{x)  in  the  equation  (1).     This  equation  ought  to  subsist  fdt 
*vciy  point  in  the  curve ;  for  the  point  b^  as  v^elLas  for  the  point  B» 
Vol.  VUL  N*^  IV.  S 
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otherwise  the  points  B  and  b  would  be  in  two  difTeTent  curves 
sot  ill  two  brancheB  of  the  same  curve  connecied  by  the  laM 
continuity.    Now  the  qiiRntliy  tvhich  is  x  at  the  poiiit  B  bece 

—  —  at  the  point  b ;  tlie  equatipn  (1)  ought,  therefore,  to  buI 
both  for  JT,  and  likewise  when  x  is  changed  into ;  that  is, 

ou^ht  to  have  both  these  effuations,  of  which  one  belongs  ta 
point  lij  and  the  other  to  the  point  b,  viz. : — 

/(-i}-/W  +  «  +  °/W '</(-i)=o.    ^ 

But  these  equations  are  different  from  one  another,  tni  | 

cannot  both  subsist  generally  for  all  possible  values  oi  x.  In  efS 
by  first  adding,  and  then  subtracting  them,  we  get,   L  +'J'{x, 

/(-  ^)  =  0,  and/{x)  =  /(-  ij  :  therefore,  by  substitut 

I  +  {/(a:)}'  =  o,  which  is  an  impossible  equation.  No  sii 
curve  can,  therefore,  be  found,  subject  in  all  iis  parts  to  the  Ibi 
continuity,  that  will  satisfy  the  equation  (I),  and  the  problem  ( 
not  be  generally  solved. 

The  preceding  reasoning  hinges  on  this  Gitcumstancei  that 

functions  ^(x)  Hnd_/( 1  are  not  alilte  concerned  in  theet 

tloli  (1) :  hilt  there  are  two  particular  Cases  that  do  liOt  fall  m 
the  same  argument,  and  which  are,  thefefol-e,  capable  of  EolUl 
The  fiist  of  these  cases  is  when  a  =  t),  or  when  the  tangents  at 
extremities  of  the  line  B  ti  arc  parallel.    In  this  case  the  riqdl 

(1)  becoraes/(^)  -/[-  i)  =  o,  or/(x)  =/{-  i);wlK 
by  means  of  tlie  equations  (2)  we  get—  =  -f.    Now  p  andV 

like  functions  of  p  and  ($  +  i),  and  they  must  have  different  A 
since  the  lines  AB  and  At  have  always  opposite  directions; 

equation  — ^  =  -;-,  therefore,  requires  that  p  =  —  p ;  and  hed 

must  be  such  a  fuhciion  of  p  as  rttains  the  same  value,  and  me 
changes  its  sign,  when  ^  +  t  is  subsiituied  for  p.  The  eur« 
question  are^  therefore,  snch  as  have  a  centre,  a  class  very : 
known. 

The  other  case  is  when  a  is  infinitely  great,  or  when  then 
B  D  /,  made  by  the  tangents,  is  a  right  angle :  and  here  (he e^ 

tion  to  be  solved  is,  1  + /{»)  xf{ )  =  o.  Itisevident: 

the  product/ (a;)  }<■/{—  -j  must  be  always  negative,  mihi 

y{x)  must  be  an  odd  function.  Let  tn  abd  n  be  both  odd  owtA 
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^  mey  •Uppo8e/(ic)  =  o?"^  ^  x  /^  (ac*);  thcD/( )     =    -^ 

tti^»  x/'  ^— jj  and,  bjr  lubstitution,  the  equation  to  be  solved 
mSU  beooDoe  1  «  /(x*)  x  fy^jy  of  which  the  general  solution 

(7) 


38,^*  (x*)  s=       / 1  X ,  which  will  evidently  answer  the  conditions. 


Thus /"(x)  =  X   «    X       /  1  \ ;  and,  because  d  ^  =         .    , 


Verive,  from  equations  (2),  this  formula  for  finding  p,  viz.  :-— 

X    X*»     X 


±  1?  =    **''    --  -*~ 


I  +  a* 


(7)' 


ivhich  is  a  general  solution  of  the  problem,  since  F  may  represent 
Stenr  function  whatever, 
■if  we  make  m  =  1,  tz  =  1,  and  F  (x*)  =  const.,  the  geA^ral 

^  •  ■  ■ 

equation  will  become,  d:  —  =  ^'  \ ;  whence,  on  account  of  the 
wuble  sign,  we  get, 

'''■  P        -   — ^—  -  8P         . 

t*".*         •  ^         1  +  *«  Ckw.*   ~  1   +  Cor.  <|)  '        - 

'J;:    ,  =  p  X  (1  +  x«)  =  p  cos.«-|.  =  A  .  (1  +  COS.  p)5 

Jf.  which  the  first  belongs  to  the  common  parabola,  and  the  second 
%'an  epicycloid  generated  by  the  revolution  of  a  circle  upon  the 
^8J|rca1anference  ot  an  equal  circle. 
"Let  F  (x«)  =   (d  +  t  x«)  (a'  +  V  x«)  &c.,  then,  by  taking 

4|^  of  a  proper  value  according  to  the  number  of  factors  in  F  {x% 

>t  «hall  get 

^  rfj  ^x  dx    g  +  ft  X*    of  -¥  h'  x'^       o 

JMb  which  formula  an  infinite  number  of  algebraic  values  of  f 
Wjr^be  deduced*  There  are,  therefore,  an  infinite  number  of 
ihebraic  curves  that  possess  the  property  in  question,  as  Eulet*  has 
iMbdr  but  it  is  not  the  present  intention  to  enter  into  a  detail  of 
tpiflicaliohs,  but  merely   to,  explain   the  general  solution  of  the 

Ine  most  curious  circumstance  attending  this  problem  is  the 
tetaticui  to  which  it  is  subject,  first  remarked  by  Euler.  If  we 
'oiote  by  K  X  such  a  function  of  x  that  a  {a  x)  s=  x,  or  a'  x  sc  x, 
^tei^iBit^  ffotin  Akt  preceding  analysis  that  ihe  iu\x^v»^  t.^%.- 

s  2 


Experiments  on  ike  Topax.. 
tion  F  {f  a  a;,  <p  x\  =  o,  can  be  solved  only  in  the  case  when  F 
is  a  sytninetrical  function,  or  one  in  which  the  two  variables  are 
alike  concerned.  For,  by  substituting  a  x  for  x,  we  get  F  {pi, 
■fax}  =  o,  an  equation  wliich  will  he  identical  with  the  proposed 
one  only  in  the  case  mentioned,  if  the  two  equations  are  nol 
identical,  they  cannot  both  subsist  generally  for  all  possible  vbImj 
of  X.  It  is  not  at  all  impossible  that  equations  of  a  nature  so  nrj 
general  are  subject  to  other  limitations  in  other  circumstances. 


I 
\ 


Article  VIII. 

Experiments  on  Topaz,  and  Carlonate  of  Bismuth,  with  seme  Oi- 

servatimis  relative  to  Smitksmi  Temiant^  Esq.      By  the  Km. 

Wm.  Gregor. 

(To  Dr.  Thomson.) 
SIR, 

It  has,  I  believe,  been  made  a  subject  of  doubt  and  discussion 
by  some  chemists  what  sort  of  a  combination  it  is  into  which  tbe 
several  constituent  ingredients  of  the  topaz  enter  to  form  tltat  An- 
gularly beautiful  and  interesting  mineral.  Now  it  is  evideut  that, 
before  this  question  can  be  satisfactorily  settled,  all  the  constiluept 
ingredients  of  the  topaz  should  be  specified  without  the  exception 
of  any  one  of  them,  however  inconsiderable  it  may  be,  in  respect 
of  quantity,  when  compared  with  the  rest ;  that  is  to  say,  if  this 
one  ingredient  should  be  found  uniformly  present  in  tlie  crystallued 
fossil.  But  it  may  be  asked,  has  not  this  been  done  by  Vauqnelin, 
so  justly  celebrated  for  his  skill  and  science  in  chemical  inquinetl 
Have  we  nut  the  analyses  of  Klaproth  ?  of  whom  that  may  be  uU 
which  can  be  jmlli/  said  of  very  few,  that  his  genius  is  equalled  dj 
Lis  industry.  Klaproth,  wlio,  far  above  all  his  contem]>oraries,  has 
contributed  the  most  to  our  knowledge  of  mineral  bodies,  and  who, 
drawing  upon  the  ample  resources  of  liis  scientific  intbrmatlou,  hni 
given  a  wonderful  simplicity  and  certainty  to  chemical  analys)' 
But  Klaproth,  with  alt  his  science  and  sagacity,  has,  sometimes,  in 
his  later  analyses,  rectified  tlie  result  of  his  former  labours.  He 
lias,  therefore,  shown  that  he  is  not  infallible;  and  he  has  shown, 
moreover,  that  he  is  not  ashamed  to  acknowledge  his  fallibility.  ' 
am  convinced,  therefore,  that  this  eminent  man  will  not  be  offended 
by  the  following  suggestions,  wliich  lay  claim  neither  to  sagacity 
nor  ingenuity;  but  might  have  occurred  to  any  man  who  chanced  to 
make  a  very  easy  experiment  on  the  mineral  In  question. 

A  few  years  ago,  I  thought  tliat  I  had  delected  potash  in  the 
topaz;  and  I  have  since  repeated  my  espeHments,  and  thpy  lave 
tended  to  confirm  me  in  this  opinion.  Vauquelin's  analysis  of  the 
topaz  I  have  not  seen.  The  experiments  of  Klaproth  in  the  fourth 
rolame  of  his  Beitrage  zuv  Chemisctien  Kentniss  der  Mineralkofjwf 
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negative  the  existence  of  potash  in  the  Sascon  topaz  only.  As  T had 
no  specimen  of  the  Saxon  topaz,  the  subje<!t5  of  my  experiments 
were  limited  to  the  Brazilian,  the  Scottish,  and  the  white  topaz 
foand  in  the  rock  of  St.  Michael's  Mount,  in  the  county  of  Corn* 
wall.  By  treating  all  these  with  sulphuric  acid,  I  obtained  regular 
crystals  of  alum.  Tiic  Cornish  topaz  produced  this  salt  the  most 
'sparingly.  Indeed,  it  resisted  the  action  of  the  acid  more  obsti- 
nately than  the  rest ;  and  I  had  but  a  small  quantity  of  this  fossil 
on  which  1  could  operate.  I  employed  about  JO  grains  both  of  the 
Brazilian  and  Scottish  topaz.  In  order  to  prevent  the  intrusion  of 
foreign  matter,  and  to  cut  off  the  sources  of  erroneous  conclusions^ 
the  several  minerals  were  reduced  to  powder,  not  in  a  flint  mortar^ 
but  in  a  mortar  of  polished  steel.  The  distilled  water  which  I  em- 
ployed was  not  distilled  from  a  glass  retort,  but  from  a  vessel  of 
tinned  copper;  and  the  sulphuric  acid  was  pure  test  acid.  The 
powdered  topaz  was  moistened  with  the  sulphuric  acid  in  a  platina 
crucible,  and  the  acid  was  gradually  evaporated.  The  soluble  part 
Was  extracted  by  distilled  water.  The  several  solutions  were  reduced 
to  a  smaller  compass  by  evaporation  in  a  vessel  of  platina,  and  were 
then  transferred  to  glass  capsules,  which  were  placed  in  a  warm 
window.  Alum,  regularly  crystallized,  gradually  appeared.  The 
Brazilian  and  Scottish  topaz,  which  had  resisted  the  acid,  and  re- 
mained after  the  elixation,  were  respectively  treated,  in  the  usual 
'  way,  with  nitrate  of  barytes  and  sulphuric  acid,  and  another  crop  of 
dystallized  alum  was  produced. 

As  alum  contains  but  a  very  small  proportion  of  potash,  when 
compared  with  its  other  ingredients ;  by  means  of  such  a  combina- 
tion we  are  enabled  easily  to  detect  the  existence  of  a  yery  minute 
foantity  of  potash,  which,  under  the  circumstances  of  the  common 
process,  would  either  elude  observation,  or  be  volatilized  by  the 
iieat  employed. 

.  In  a  letter  which  appeared  in  your  Journal  many  months  ago^  it 
was  asserted  that  I  had  discovered  native  carbonate  of  bismuth  in 
the  county  of  Cornwall.  I  was  prevented  by  peculiar  circumstances 
from  noticing  this  letter  at  the  time  of  its  appearance,  which  I 
wished  to  have  done,  llie  mineral  alluded  to  was  given  to  me 
several  years  ago  as  a  carbonate  of  bismuth  by  Mr.  John  Mitchell,  of 
St.  Aufltle,  to  whose  kind  contributions  and  communications  re- 
specting minerals  I  have  been  frequently  indebted.  The  credit  of 
the  discovery i  therefore,  belongs  to  fum. 

At  the  time  when  I  sent  a  small  specimen  to  Mr.  Sowerby,  I  was 
not  aware  that  native  carbonate  of  bismuth  was  a  nondescript  fossil. 
As  this  ore  is  not  now  easily  to  be  procured,  I  shall  mention  a  few 
particulars  respecting  it.  It  was  raised,  ^  *  ^*  "«),  in  the  parish  of 
St.  Agnes.    The  vein  in  the  diflerent  !  of  this  ore  which 

I  have  seen  is  unequal  in  thickness,  sea*  ^iidf  an  inch. 

ijiisiDot  uaifofm  in  respect  of  coloiii^  >%  4od!\ 
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lints  of  greyish  green,  and  brownish  and  yellou'iKii  ^ey.  Meitbn 
is  it  perfettly  Iwmogeneous,  as  small  patches  of  quartz  and  swnf 
juMter  are  ditDoierable  in  it.  Tlie  ore  is  rather  hard;  so  that 
aflgulnr  fregmeitts  are  capable  of  straicliing  glass.  1  found  ibc 
specilic  gravity  of  ihe  purest  pieces  which  i  could  select  to  be  4  31 
Bt  temp.  61. 

I  am  led  to  conclude,  from  the  experiments  which  I  have  mult 
upon  ihis  ore,  that  it  cuneisis  of  caTbonsie  of  bismuth  aad  a  piHtias 
of  oxide  of  bismuth  more  intimately  combined  with  stony  matta. 
50  grains  of  the  pulverized  ore  were  trcaled  with  nitric  acid  ofnO' 
derate  strength  ;  a  solution  took  place,  wirh  eftervejcenee,  but  it 
went  011  but  i<lowly.  More  acid  was  added,  as  lun^  as  it  apixand  j 
to  act  upon  the  powder,  and,  at  last,  tht!  matrass  was  jibced  id  Wiom 
■and.  3fi'l  remained  undissolved.  The  solution  contained  nothing 
but  oxide  of  bismuth.  Water  separated  l/'fi,  and,  subse^ueniiy, 
ammonia  precipitated  32  grains.  The  26- 1  gr,  were  treated  willi 
potash,  and  8  gr.  of  oxide  of  bismuth  were  obtained,  and  aluminit 
silica,  and  oxide  of  iron.  In  another  experiment  on  50  grains,  2&1 
gr.  only  remained  undissolved.  50  grains  wet*  exposed  to  a  low 
red  heut  for  aliout  ten  minutes.  A  diminution  of  3'6  in  weight 
took  pluiK,  wliicli  I  conclude  arose  from  the  expulsion  of  watn. 
Muriatic  add  dissolved  the  remaining  matter  slowly,  and  with  effer- 
vescence, which  grew  fainter  till  it  ceased,  although  the  actioo<tf 
the  acid  on  the  toineral  had  not,  apparently,  ceased:  7'7  gni» 
remained  undissolved.  The  solution  was  found  to  contain,  not  oiMs 
of  hiemuih  only,  but  some  alumina  and  oxide  of  iron  also.  The 
undissoUed  7*7  gr.  contained  only  0-3  of  oxide  of  bisnuDth,  wiiii 
silica  and  alumina.  The  oxide  of  bbtnuth  separated  by  the  ei&iioo 
of  water  .=  28-8.  The  oxide  of  iron  amounted  to  2- 1 .  Tiie  liii- 
mina  =  7'5,  silica  =  fi/j  and  water 8'6. 

In  order  to  ascertain  the  relative  weight  of  carbonate  of  bisDHdh 
when  compared  with  the  oxide  separated  by  the  effusion  of  water,  1 
dissolved  50  gr.  of  bismuth  in  muriatic  acid,  to  which  a  small  por- 
tion of  nitric  acid  was  occasionally  added.  The  acid  was  in  cxcws. 
Tha  cootenis  of  the  solution  were  precipitated  by  small  pteeea  if 
carlionaie  of  soda,  and  at  last  a  saturated  solution  ef  carbonsle  tf 
soda  ill  water  was  dropped  into  the  muriate  of  bismuth. 

The  precipitate  edulcorated,  &e.  and  dried  in  a  moderate  \Kit, 
»  61'3.  But,  alas!  I'iSund  that  this  precipitate  consisted  of* 
miKluft:  of  carbonate  of  bismuth  and  o,\ide  of  bismuth ! 


I  received  much  pleasure  from  the  perusal  of  jroar  Biographlcil 
AccouBt  d  Sniitheon  Tenoaiit,  lE^. ;  btit  it  was  a  pleasure  aiiDglcd 
with  melancholy  reflections,  and  reoollections  of  pitst  tiraea.  To 
iht  accuracy  of  many  of  the  facts  thereio  detailed,  and  more  espe- 
cially to  the  fidelity  of  the  sketch  trf  the  dismmimiimg  traits  of 
eharadeTf  which  are  touched  with  a  tnasterly  hand,  I  can  bear  s)y 
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Amonf^  Van  tpooiioD  Mf  •  l^nnant^s  want  of  wamgf  m  prote- 
riqg  bis  iHlaacDDQS  diacoiwries,  and  bb  habit^  of  pnoprasdnatioQ  ia 
4Qg  (hr«fi  before  (be  public ;  and  ]F6u  esprew  jKMir  feats  tbat  manf 
;fi^  biiits  may  bave  bseo  lost  to  tfa^-oomanmity.  When  i  aawliim 
I  (U|^wards  of  4ve  yiears  ago),  he  told  me,  ia  confidence,  that  ho 
d  cJKsoiEH'ared  that  the  peouliarities  of  the  steel  wfaieh  is  iaopoFted 
m  the  Jjlast  lodi^,  palled  woota,  is  to  be  attributod  to.tbe  pi^- 
we  pf  i^  very  soiall  quantity  of  araeoie.  if«  iafDnned  iiie  that  in 
seaded  soon  to  publish  bis  experioaents  on  this  aybject.  Whediar 
afterwards  did  this,  I  never  heard ;  or  whether  his  subsequctfut 
^ifn^taiended  to  substajitiate,  or  to  invididate  hssopiaioB,  I 
ow  not.  One  thing  we  know,  that  Mr.  Tennant  did  not  usuaUf 
'IB  bis  opiAioBS  rashly,  or  op  Ugbt  grounds.  And  it  in^y  Qoi  bo 
:ogether  useless  for  it  to  be  known  that  he  once  formed  thia 
•imon..  Mr.  T.  might  have  been  prevented  by  various  causes  from 
Qsecuting  his  inquiry.  Other  persons  may  tdce  advantage  of  this 
9^  and  be  induced  to  investigate  thjs  syi^^eiL;  ^q4  ^.^  ^^  pay 
!  boQ^fited  by  such  investj^tioOf 

IToms*  &p. 

tm(f,  JtMg.  5,  Uia.  Wm.  GIUBQO&. 
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I.  X)n  Annuities. — II.  Imaginary  Cube  Roots. — IIL  Roots  of 
Binomials.    Bv  Mr.  W.  G.  Horner. 

(To  Dr.  Thmiaon.) 

-DEAR  SIR, 
(ViTRODT  entering  at  all  into  the  merits  of  the  flaethod  by  «rbiek 
r.Caily  direots  tlie  summation  of  <rertain  •annuities  to  be  effected, 
noticed  by  your  correspondent  Mr.  Benwcll  {Annalsy  Aug.  1816) 
I  is  fltruck  with  the  intricacy  of  the  formulse  proposed  to  be  sub- 
uted  ia  its  place.  After  correcting  what  ai«  probably  typogra- 
ical  errors  in  each  Of  them,  no  connecting  system  is  apparent  by 
ich  the  method  can  either  be  impressed  pn  the  memory,  or  ex- 
ided  to  other  similar  cases.  On  tneir  form,  however,  the  writer 
ist  have  founded  his  claim  of  noveky ;  the  series  and  the  method 
summing  them  being  very  well  known.  But  it  does  not  appear 
me  that  any  facility  in  application  is  attained  by  the  use  of  the 
iposed  formulse,  which  can  render  them  preamble  to  theorems 
jy  to  be  remembered,  and  perfectly  general  ia  their  nature.. 
Btidi  a  theorem  I  take  the  liberty  to  subjoin.  The  accuracy  of 
5  prfn^iple  ivilt  be  recognised  b^  every  matnemkH'*^'"^  Its  appli- 
den  extends  to  all  cases  in  which  the  annuiti^  *ording 

mf  inie^aifimetion  of  the  time  j  Mtd  ili  iri  »t^ 

'Kg., 


■MO'    '  tMjimmtm^ 

Let  r  represent  the  ratio  of  compound  interest,  or  amouDt  of  oh 
-pound  ill  one  year  j  t,  the  number  of  years ;  w,  the  index  of  ih( 
power,  or  other  function  of  the  time,  according  to  which  the  a- 
Buities  increase.  Suppose  the  series  expressing  ike  rate  of  incrM 
to  he  preceded  and  followed  by  an  indefinite  numher  of  zeroes ;  ad 
take  the  differences  us  far  as  then  +  1  order.     Multiply  lk» 

differences,  as  taken  in  order  from  right  to  left,  by  1,  r,  r- 

r''*'" .  Divide  I Iw  aggregate  of  all  tlie!>e  prodwls  ly  [r  —  l)"*'5 
njid  the  quotient  will  be  the  amount  of  the  smallest  integral  m- 
nuily. 

This  theorem,  expressed  by  means  of  a  general  formula,  maybe 
given  thus : — 
/•(')+/■('-  I)  ••■  +  /■  ((  -  2)  .  »'.../"  (1)  ..--  = 

Afi  ■>—   +    Br'+  --'    +    Cr'^■"-'  ,..."  Ar"  +    Br--'  -  Cr--'  +..., 


tr-ll»  +  ' 

The  numeiator  of  thU  expression  will  contain  2  n  +  1  terms; 
the  first  72  coefficients  being  all   positive,  and  connected  with  l)tC 

powers  of  r,  whose  indices  are  (i  +  w) (i  +   l),  and  the 

remaining  n  -\;  I  coefticients  being  alternately  positive  and  negatitt, 
and  attaclied  to  the  nth  and  inferior  powers  of  r.  All  the  coeK- 
Ciente  connected  with  powers  between  r'  +  '  and  f  are  zeroes, 

As  a  specimen  of  the  process,  the  calculation  of  the  casein 
which  the  term  is  five  years,  rate  of  interest  five  per  cent.,  and  tte 
annuities  are  as  the  cubes  of  the  times,  is  here  presented  to  yout 
readers : — 

■Kmes   1234  5 

AnnuitieE I,  8,  2?,  64,  12:1, 

litdiff. 1,  7,    19,  37,  61,  -125, 

2nd 1,  6,   12,   18,  g'*,  — 1S6,   125 

M    1,  5,     G,     6,  G,  -210,  311,   -125 

4th    1,4,      1,     0,  0,  -21C,  521,    — 436,  laS, 

Then    1-05'  x  1                 =             1  ■47745.';44378906« 

1-05^  X  4                  -:              5-628401690625 

I'05«  X  1                   =               1 '340095640625 

r05'  X  —  216  =  —  250-047 

1'05«  X  521    =          574-4025 

1-05  X  —  436   =  —  457' 


125   : 


125 


Positive  aggregate 707  ■8484527750390625 

Negative  ditto —  707-847 


•05'  -  (Vr)* 
^pi^nt  of  aDOiiities ,,..,.,, 


)  0014527750390625 


,   232-44400625 
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To  extend  the  praxis,  cases  may  be  proposed,  where  the 'annual 
ncrease  accords  with  any  part  of  an  arithmetical  ur  figurate  series^ 
mh  such  series  as  2,  5,  9,   14,  &c.  or  in  short,  any' series  whose 

general  term  is  «  /"  +  ^  ^^  *  +  y  /"""* /*>  «*  ft  Vj  &<^ 

leing  any  number  whatsoever. 


IL  My  object  in  troubling  you  with  this  paper  was  to  commum- 

cate  some  casual,  but  not  careless,  nor  useless,  nor,  I  hope,  ofFensive 

observations,  on  one  or  two  professedly  new  discoveries  aimouneed  in 

your  repository.    One  of  these,  which  has  already  elicited  remarks 

from  several  correspondents,  was  communicated  last  year  by  Mr* 

Lockhart,  who  states,  ^^  that  all  numbers  have  four  imaginary  cube 

roots/'     (Annals,  April,  1815.)     He  has  since  avowed  the  opinion 

that  the  number  of  such  cube  roots  is  "  infinite.*'     (Aug.  1816.) 

)^piy  as  Dr.  Tiarks,  in  your  number  for  May,  1816,  nad  so  com- 

pletely,  tbough  concisely,  detected  the  error  into  which  Mr.  L, 

had  fallen  in  exemplifying  his  first  statement,  I  concluded  that  this 

/gentleman,  enveloped  in  vanishing  fractions,  had  effected  a  masterly 

iretreat  from  an  untenable  position.     (See  Annals,  June,  1815.) 

.   His  late  avowal  convinces  me  of  my  mistake ;  but  leaves  me 

fuite  at  a  loss  to  conjecture  by  what  mode  of  investigation  he  ar* 

nved  at  a  conclusion  so  repugnant  to  the  clearest  principles  of 

algebra.    To  demonstrate  that  every  equation  has  as  many  roots  as 

it  has  dimensions,  and  no  more,  it  is  sufficient  if  the  simple  postu* 

late  be  granted,  that  every  equation  has  at  least  one  root.  * 

In  the  equation  a?'  =  a^  or  x'  —  a*  =  o,  which  occasioned  the 
present  discussion,  one  of  the  roots  is  known  to  be  a,  which  is 
contained  in  the  equation  x  -—  a  ^  o.  The  other  roots  are  com* 
prised  in  the  equation  x®  -h  a  x  4-  a*  =  o ;  and  if  one  of  them  be 
K  the  other  will  be  —  (a  4-  i).  No  fourth  root  can  exist,  nor 
Can  any  supposition  of  the  kind  be  made,  but  by  imagining  that 
One  or  more  of  the  equations  a;  =  a,  x  =  t,  x  =  —  (a  +  l\ 
admits  of  several  solutions,  notwithstanding  the  quantities  a  and  b 
i^main  unaltered  in  their  numerical  value.  Such,  then,  must  be 
the  meaning  of  the  opinion  hazarded  by  your  correspondent,  that 
^  the  number  of  cube  roots  of  numerical  quantities  is  infinite  ;  ^*  a 
position  whose  absurdity  is  self-evident,  when  the  roots  are  exhi- 
bited, as  above,  by  means  of  simple  equations,  and  detached  from 
the  consideration  of  imaginary  quantities,  which  Mr.  L.  represents 
as  so  ".perplexing." 

In  his  antipathy  io  these  unfortunate  symbols,  it  is  to  be  hoped 
this  gentleman  will  stand  alone ;  or  at  least  that  no  young  student 
^ill  suffer  himself  to  be  influenced  by  it.  A  wide  distinction  exists 
l^etween  difficulty  and  perplexity.    The  former,  when  surmounted, 

*  The  Eoglish  reader  cannot  be  directed,  in  this  poiot,  and  ever] 
J^ted  with  algebra  iu  its  most  improved  form,  to  a  more  salUt»&\%t^ 
"r*  ykamyeMt}e%  in  two  yolumes,  8vo. 
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creates  half  tlie  pleasure  of  science.     The  otlicr  has  its  origia 
habit  uf  shuDDlug  difficuUies,  and  it  paralyatis  all  the  powers 
ffiini). 

']'iio>:e  writers  who,  to  evade  the  consideration  of  negative  qutn- 
litics,  rHiiiify  a  simple  theorem  into  numerous  varieties,  aRofd  • 
specimen  uf  skill  in  perplexing;  and  their  art  will  lead  to  greater' 
iatriiacie^  limn  the  labyrinth  of  D^dalus,  if  they  extend  it  to 
imaginary  quamilies  also. 

'I'bex  qusntiiies  must  occur  in  calculations.  Tlie  oiaoageiueDt 
ef  them  is  not  attended  with  any  peculiar  difficulty.  Tix  leP/ 
relionrile  of  them  Is  not  so  abstruse  as  some  persons  represent.  1^ 
ire  aiBong  the  most  useful  and  elegant  implements  uf  research,  BSd 
are  the  only  key  to  the  diophamine  and  trigonometric  analysis. 

With  these  symboU  dodging  him  at  every  turn,  some  merit  will 
doubtless  be  ailributable  to  the  inathematieian  who  can  run  through 
the  evolutions  of  a  country  danee  witbcnit  jostling ;  and  he  msj 
still  find  a  vacant  niche  in  the  Temple  of  Fame,  near  Tryphiodoto^ 
the  leipogrammatist, 

III.  The  naerit  of  Mr.  Lockhan's  nethod  of  exhibiting  the  eute 
Tools  of  a  binomial  {vi(Bwn/j",  June,  1815),  does  not  consist,  as  Mr. 
Atkinson  Bupposes,  in  the  originality  of  thepinciple;  but  sifrflf 
in  exhibiting  the  roots  in  a  tabular  arraitgement  with  the  propet 
signs.  A^  llie  accuracy  of  these  signs  has  been  disputed,  it  mif 
gratify  some  readers  to  see  the  result  of  ff-aring't  genera!  rule  f« 
the  formula  x  +  y  =  vA  +  B,  when  restricted  to  Ac  lhl« 
cube  roots  in  question. 

His  words  are,  "  Iia  reducatur  data  quantitas,  ut  evadat  A'- 
B'  =  t";  inveniatur  radices  ffiqualionis  z"  —  n  ■rt  3f~^  +  »  . 

l^^a:—*  -&c.  =  2A;  eriti==  2x  ct  y  =    '^/^ 

unde  radi}[  qu^la  j:  +  i/ = 5 ."(Med.  AIg.Prob,50.) 

Conformably  to  this  precept,  in  the  equation  c'  —  £  x  =  c,  let 
the  roots  be  R,  —  r,  —  f ;  and,  since  A  =  -^,  !r  ss  y-,  ffl 
therefore  B  =  ±  \/-^  —  -^  ■  We  have  as  a  general  esprwiBl 
for  the  cube  root  of  -|-  ±  */ -j ^>  the  formula  ~  ±    ^^^ 

The  actual  cube  of  this  expressit^  is  ~ — 5-^  ±  f jc* r  ) 

\/t'~T*  ^^  '^  correctly  equal  to  -f-  ±  */.J-— .Jj||^ 
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tAe  same  interpratttion  inUit  be  givea  to  the  dubious  ngtk  in 
ik  ff  ihtm  equivalent  ferinubi,  it  is  dear  thdt  the  sigm  belonging 

A  /  4^  — I-  will  be  either  like  or  unlike  that  of  4  /~  ■;-  — , 

V     4  3  V     4         fi^ 

^  5  \  .  b 

le&rding  as  (x^  — j-j  is  positive  or  negative.  Also  ac*  —  -5-  =s 
-  +  -^9  which  isssff+  y,  or  —  Rp+  "5-^  or  — Rr  + 

V  according  a9  x  is  interpreted  by  R,  or  —  r,  or  —  f . 

*Tbe  affections  of  the  signs,  in  the  irreducible  case,  are  easily 
etermined  thus : — When  r  =  f ,  each  is  ex  ^  R ;  at  the  same 

2b  2b 

«Die4£is=:3R%and  —  Rp  +  -j-rs— Rr  +  -j-  x=Ot 
iffia,  when  r  =  R,  f  ^  =  0,  i  =  R*  and  -r-  R  f  +  -y  =  y, 
Aile  —  Rr-|--j-=— -5-.    So  that  between  the  limits  r  =  f 

b  2  b  b 

i«I  f  =:  R,  X* 3-  is  limited  by  O  and  -j-,  or  O  and  —  -|-^ 

lOBording  as  j:  is  interrupted  by  —  r  or  —  j> ;  and  is  consequently 
pontive  on  the  former  assumption,  and  negative  on  the  latter.    The 

b  2  b 

bmula  X*—  -5-=r§4--3-is  undoubtedly  positive. 
In  the  irreducible  case,  then,  tbevmkies  of 


r  *  v't -T  -  »- »' 


—    —      it 

■*"  T  •+"  V/ "4 F  ^  ^y  ^ 07 

%ff9m  by  your  correspondents. 

But  in  the  reducible  case,  t!ie  real  and  imaginary  parts  of  th^ 
ictor 

nil  be  affected  by  contrary  signs ;  neither  of  which  can  claim  the 
^reference,  because  no  *estimate  can  be  made  of  the  aggregate 
'alue.  Itis  is  the  true^  reason  why  the  forpuh''  **  **  -^ ven  by 
Mr.  ii^  are  of  no  utility  when  applied  to  this  q 


M\/~  —  —  hy  tctud  extraction  *ccg» 
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general  form  of  A,  B,  C,  in  their  simplest  state,  is  that  cf  r^ 
nomiai.    And  to.  exhibit  this  without  incurring  dilutable  sign^^fl 
must  be  obtained  by  simple  equations*  ^ 

Now  it  is  known  that  ■^' 

r  =  i  (A  +  AO  -  i  (A  -  AO  V^ZI? 
and  •  f  =  i  (A  +  AO  +  4^  (A  -  A")  V~^=^ 
Whence,  by  eliminating  A^  and  A  alternately,  we  find 

i{r  +  g)  ±  i  {r  -  ?)  V^'^^Ts  =  A,  A'"  ' 

Multiplying  these  values  by  the  imaginary  cube  roots  of  1,  iif 
further  obtain, 

^  ^r  ±^  (r  +  2  g)  V  -  3  =  B,  B' 
and  -  4-  ?  T  i  (2  r  +  j)  ^/  -  3  =  C,  C 

Or,  substituting  R  for  its  equal  r  +  ^  in  the  three  equations  jiM 
found,  

iR±i{r  -  s)  V^35  =  A,  A' 

-  ^r  ±  an  +  g)  ^/   -  3  =  B,  B' 

-  i  ^  =1=  ^  (R  +  e)  \/  -   3  =  C,  C"  ..,.•.  (2) 
where  no  ambiguity  exists. 

Bath,  Sept.  9,  1816.  W,  G«   HoRNJSa* 
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Article  X. 

Jl  rigorous  Investigation  of  the  Length  of  the  Seconds*  Pendulum  m 
the  Latitude  of  Plymmth,  being  50^  22^  28'^    By  W.  Watts. 

I  HAD  long  been  of  opinion  that  the  length  of  the  simple  pen- 
dulum vibrating  seconds  of  time  in  the  latitude  of  London  was 
never  determined  with  that  degree  of  exactness  which  might  be  it* 
sired,  and  which  is  so  very  necessary  in  the  investigation  of  maoj 
physical  problems ;  such,  for  example,  as  the  determination  of  the 
increase  of  gravity  from  the  equator  to  the  poles,  which  augmenta- 
tion appears  diiBcult,  if  not  impossible,  to  assign,  in  an  island,  bj 
means  of  the  measurement  of  the  degrees  of  the  terrestrial  meridian^ 
on  account  of  the  defect  of  attraction  on  the  part  of  the  ocean;  bul 
it  was  the  length  of  the  seconds'  pendulum  adopted  by  the  Honour 
able  Committee  of  the  House  of  Commons,    namely,  39*  1304^! 
inches,  which  excited  my  particular  attention  to  this  important  sub 
ject,  as  this  length  was  stated  as  the  result  of  the  experiments  ^ 
Sir  George  Shuckburgh,  with  a  minute  correction  of  an  arithmetic^ 
error  under  the  authority  of  Professor  Playfair  and  Dr.  WoUaston 
.and  .as  I  found  that  this  length  differed  very  sensibly  from  th 
length  deducible  from  M.  LiapWe's  ioxmwl^,  ^vveu  in  his  Mecbii 
mque  Celeste,  torn.  ii.  p.  \bl  •,  XV«x  \^  v.o^^,  l\ws\  ^'^  ^i;^^^^ 
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EP  *004208  sin.*  4^,  whera  ^  denotes  the  sine  of  the  latitode, 
formula  gives  39*13881  inches  for  the  length  of  the  pen- 
\  vibrating  seconds  in  vacuOy  in  the  latitude  of  St.  Paurs, 
London ;  and  it  is  well  known  that  observation  should  give  it  still 
greater ;  so  that  there  is  every  reason  for  supposing  that  it  is  not  less 
^dnn  39*175  inches  in  vacuo;  for  the  only  remaining  difficulty 
against  the  homogenity  of  the  earth  is  the  difference  which  is  found 
between  the  observed  length  of  the  pendulum  in  different  latitudes, 
ind  that  which  theory  gives  in  the  same  latitudes ;  for  if  the  earth 
were  of  the  form  of  a  homogeneous  spheroid,  the  augmentation  of 
)[nvity  from  the  equator  to  the  poles  should  be  proportional  to  the 
iquare  of  the  sines  of  the  latitudes.  This  difference  induced  me  to 
verily  M-  Laplace's  formula  in  4he  latitude  of  Plymouth,  as  it  is 
very  desirable^  even  with  respect  to  the  fixation  of  our  linear  mea- 
nres,  to  assign  the  true  length  of  the  seconds'  pendulum,  since  it 
may  be  regarded^  in  fact,  as  an  invariable  standard  or  unity  of  mea- 
nre,  to  which  all  other  linear  measures  should  be  referred  as  to  a 
standard  of  comparison ;  and,  therefore,  though  all  our  standards 
of  weights  and  measures  should  happen  to  be  altered,  or  even  lost, 
by  the  lapse  of  time,  the  length  of  the  seconds'  pendulum  might, 
at  any  time,  be  easily  determined ;  and  consequently,  by  properly 
dividing  the  length  of  this  pendulum,  we  should  arrive  at  the 
exact  measure  of  an  inch,  a  foot,  &c. 

It  is  also  necessary  to  assign  the  variations  in  the  length  of  the 
pendulum  vibrating  seconds  at  the  principal  stations  of  the  trigono- 
metrical survey  extended  through  Great  Britain^  in  order  to  deter- 
mine, by  this  means,  the  true  figure  of  the  earth,  because  the  tri« 
gODometrical  survey  gives  results  which  are  at  variance  with  the 
received  theory,  and  which  would  seem  to  establish  the  opposit^e 
hypothesis,  namely,  that  the  earth  is  of  the  form  of  a  prolate,  and 
not  an  oblate  spheroid.     And  notwithstanding  in  the  expressions  of 
the  magnitude  of  a  degree  of  the  meridian,  and  of  the  length  of 
the  pendulum,  the  variation  of  two  consecutive  degrees  is  more 
MQsible  in  the  measure  of  the  degrees,  than  in  the  lengths  of  the 
peadulum,  as  M.  Laplace  has  shown  in  his  Mechanique  Celeste, 
torn.  ii.  art.  33 ;  yet  the  defect  of  attraction  on  the  part  of  the 
^ean  is  such  as  to  render  these  variations,  in  the  degrees,  much 
IfiBs  certain  than  those  in  the  length  of  the  pendulum.  .  Moreover, 
^  remarkable  relation  between  the  expression  of  a  degree  of  the 
fneridian,  and  the  length  of  the  pendulum  will  always  serve  to 
Verify  any  hypothesis  that  may  be  considered  proper  to  represent  the 
Pleasures  of  the  degrees  of  the  meridian ;  and  it  is  astonishing  that 
ihis  consideration  did  not  induce  Government  to  give  the  necessary 
idiFections  for  determining  the  length  of  the  simple  pendulum  at  the 
different  stations  of  the  trigonometrical  survey,  especially  as  the 
subject  is  of  so  much  importance  in  many  points  of  view,  particu- 
larly with  respect  to  the  moon's  parallax  in  latitude^  longitude,  and 
-s^uth. 
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These  general  observations  being  ptemisedy  I  novr  proceed  i^\ 
state  the  method  that  I  employed  for  determining  the  length  of  At 
simple  pendulum  vibrating  sexagonal  seconds  in  the  latitude  of  [MP 
22'  Z9f\  on  Feb.  8,  181G,  barometer  29-63,  and  theraiometcr44* 
of  Fahrenheit. 

For  this  purpose,  I  carefully  compared  the  going  of  my  watc^ 
which  is  one  of  Litherland's  patent  watches  with  a  quarter  acooal 
band,  during  several  successive  days,  with  an  accurate  chroBonotti 
regulated  according  to  mean  time,  and  found  that  my  watch  guMl*1 
on  mean  time  35  seconds  in  24  hours.  t  \ 

In  the  second  place,  I  avoided  having  the  thread  of  the  pnrf  j 
pendulum  either  of  hemp,  flax,  or  silk,  because  all  these  substuoi  \ 
are  liable  to  extend  themselves ;  and  I  equally  avoided  having  k  j 
made  of  any  of  the  metals,  because  it  would  not  possess  sufficNrt  j 
flexibility.  For  tliese  reasons  I  employed  a  thread  of  pite  or  oeiNP 
fine  as  a  hair,  in  imitation  of  M.  de  Mairan  and  the  other  waim 
micians  who  went  to  Peru  to  determine  the  figure  of  the  eartl^ii 
it  has  been  found  more  suitable  for  this  purpose  than  any  olhiF 
known  substance  whatever,  both  on  account  of  its  flexibility  aMi 
Inextensibility.  And  since  the  form  of  the  weight  to  be  akttcW 
to  the  thread  is  not  indifierent,  I  adopted  the  spherical  figurr  9 
best  suited  to  the  purpose  in  hand.  < 

In  this  manner  I  formed  a  pendulum,  consisting  of  a  cast  bM 
ball,  whose  specific  gravity  was  8,  very  accurately  turned,  uJ 
being  exactly  one  inch  in  diameter.  With  respect  to  the  length  flf 
the  pendulum,  it  is  well  known  that  it  is  the  distance  of  the  oeotii 
of  oscillation  of  the  thread  and  weight  conjointly,  from  the  poiil 
or  line  of  suspension  ;  but  as  the  weight  of  the  thread  is  insensible, 
with  respect  to  that  of  the  ball,  the  length  of  the  pendulum  will 
be  equal  to  the  distance  of  the  centre  of  oscillation  of  the  ball  from 
the  point  of  suspension.  Therefore  the  length  of  the  thread  of  pite 
being  72  inches,  and  the  radius  of  the  ball  0*5  inch,  the  length  d 

the  pendulum  will  be  72  5  +  5  ^  ryg.g  =  72^500138  inches,  at  th 

temperature  of  62^  of  Fahrenheit's  thermometer.  But  when  I  tool 
the  measure  of  the  said  pendulum  from  a  standard  brass  yard,  tie 
temperature  was  only  44°,  being  18°  below  the  standard  tempera- 
ture of  62°,  which  is  universally  employed  in  the  comparison  of 
English  standards ;  and  therefore  we  ought  to  dedmit  from  the 
above  length  of  the  pendulum  the  contraction  due  to  18®  of  Fth- 
renheit's  thermometer,  which  is  equivalent  to  8°  of  Reaumur^s. 
Now  it  appears  from  the  experiments  of  M.  Berthoud,  made  col 
stove  in  which  Reaumur's  thermometer  rose  from  zero  to  27°>  <* 
brass  rods  of  three  feet  two  inches,  five  lines  in  length,  three  linei 
in  thickness,  and  five  lines  in  breadth;  that  they  dilated  .^^  of » 
line,  which,  being  reduced  to  English  measure,  shows  that  a  bra* 
rod  qf  the  above  dimensions  expands  by  a  27*000000  part  cff  it» 
length  for  every  degree  of  Reaumur ;  consequently  we  shall  have  ftf 
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^  true  length  of  the  proof  pendulum  at  the  temperature  of  44°  oif 
^ihrenbeit's  thermometer^ 

BJM001S8  -  8  X  0000027  X  72*500138  =  72-484478  inches. 

*» 'Having  thus  determined  the  length  of  the  proof  pendulum,  I 
iiett  suspended  it,  by  putting  the  thread  of  pite  between  the  faces 

ttwo  pieces  of  wood,  which  were  very  accurately  jointed,  and 
&  inserting  them  in  a  mortice,  so  contrived  in  tlie  architrave  of 
Vwlndow  as  to  press  them  very  close  together ;  so  that  from  the 
Iftetiratd  joint  of  the  two  pieces  of  wood,  the  point  of  suspension 
%as  situated  exactly  in  the  inferior  surfaces  of  tiicse  two  pieces  of 
%tad,  and  in  the  same  horizontal  plane.    The  proof  pendulum 
irillg  thus  suspended,  and  having  ascertained  that  my  watch  gained 
S5^  per  day  on  mean  time,  that  the  barometer  stood  at  29*63  inches, 
'M  that  the  temperature  was  44®  by  Fahrenheit's  thermometer,  I 
ieflicted  the  proof  pendulum  about  an  inch  from  its  vertical  posi>- 
IIOD,  in  order  that  it  might  perform  but  a  very  small  arc,  and  having 
ttidli  it  oscillate  in  a  vertical  plane,  lest  the  oscillation  should  he 
Mucal)  perpendicularly  to  the  joint  of  the  two  pieces  of  wood 
ihnre-meotioned,  I  began  to  count  its  vibrations,  and  also  those  of 
the  watch,  from  the  instant  that  they  commenced  their  motions 
Hgvther,  counting  from  a  given  point ;  that  is  to  say,  I  counted  the 
taaaber  of  seconds  on  the  watch  fro>m  this  instant,  during  480V% 
•ri  also  the  number  of  oscillations  performed  by  the  proof  pendulum 
il  the  same  intervals,  and  found  that  in  480.|%  as  indicated  by  the 
tiatcb,  the  proof  pendulum  had  vibrated  853  times ;  but  as  the 
Hilfedi  gained  at  the  rate  of  35^^  in  24  hours  on  mean  time,  it  is 
Evident  that  we  shall  have  this  proportion  :— 

86400^' 
35  add 


86435''  :  86400^'  ::  480-66" :  480^3^; 

ab  that  the  proof  pendulum  vibrated  353  times  in  480  3''  of  mean 

Ee,  consequently  it  performed  44*094  vibrations  per  minute, 
reover,  since  the  lengths  of  pendulums  are  in  the  inverse  ratio 
^  the  square  of  the  number  of  vibrations  made  in  the  same  time, 
^  shall  nave  also  this  proportion : — 

'     As  60«  :  44-094* ::  72'48 1478  inches  :  89-14831  inches, 

fhfe  teHgth  of  the  proof  pendulum  in  air. 

There  is  a  correction  due  to  the  atmosphere  which  diminishes  the 
Ml  weights  of  bodies  suspended  in  it ;  so  that  the  force  which 
iKitaate^  the  pendulum  in  air  being  less  than  that  which  solicits  it  in 
^cuo^  the  length  of  the  pendulum  found  above  is  a  little  too  short. 
UUs  correction  may  be  determined  as  follows : — As  the  barometer 
^ftefp  indicates  the  actual  weight  of  the  atmosphere,  we  can,  by 
ikh  Aeatis,  always  determine  the  diminution  which  it  occasions ; 
for  since  atmospheric  air  is  850  times  lighter  **  ""ter,  when  the 
karomcter  stands  at  30  inches,  and  water  ci,  lighter  than 
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cast  brass,  we  shall  find  tlie  ratio  of  the  specific  gravity  of  air  to  tU 
of  cast  brass  as  I  :  EShOO  ;  and  therelure  [he  small  brass  ball  attach^ 
to  the  thread  of  the  proof  pendulum  loses  the  6»00  part  ofil 
weight  in  atmospheric  air.  Heiici'  it  follows  iliat  the  length  of  tt' 
penduluin  which  vibrates  seconds  in  ihe  latitude  of  Plymoutlt,  ." 

SB' 14831  i 

22*  28"  is  too  short  by  — g^^Q-  =  0'0O5877  parts  of  an  inch;  an 

therefore  it  appears  that  the  length  of  the  simple  pendulum  4 
seconds,  in  vacuo,  in  the  latitude  50°  22'  28",  is  S9-1541IJ 
standard  English  inches,  being  about  O-OSlSt*"  parts  of  bd  iniA 

more  than  Laplare's  formula  gives,  which  shows  that  the  earth  K 
much  less  flattened  in  this  parallel  of  latitude  than  in  the  hypothesii 

»f  homogeneity,  that  its  cUipticity  is  somewhat  greater  than  ^^g> 
and  that  the  ratio  of  its  axes  cannot  be  supposed  greater  than  thutf ' 
3^0  to  3:^1. 

There  is  no  correction  necessary  with  respect  to  the  resigtaon 
which  the  atmosphere  opposes  to  the  motion  of  the  pendulum,  be- 
cause it  does  not  produce,  ns  we  might  be  led  to  suppose,  any  sen- 
sible change  in  the  duration  of  the  oscillations  ;  for,  as  M.  Buuguff 
observes,'  if  by  means  of  the  resistance  of  the  air,  the  duration  uf 
the  descending  semivibration  be  a  little  increased,  the  diiratioadf 
the  ascending  semioscillation  will,  in  lilte  manner,  be  a  tittle  diiu- 
Dished;  so  that  there  will  bean  exact  compensation  with  regard  to 
an  entire  oscillation  ;  and  consecjuently  its  duration  differs  only  bf 
an  infinitely  small  quantity  from  what  it  would  have  been,  in  case 
there  were  no  resistance  whatever. 

It  should  also  be  remembered  that  the  centrifugal  force  diminishes 
that  of  gravity,  and  consequently  it  renders  the  length  of  the  pen- 
dulum less  than  it  would  be  if  the  earth  were  immoveable,  andil 
will  be  found  necessary  to  add  0"  1358852  inch  to  the  length  of  ibi 
seconds'  pendulum,  observed  under  the  equator,  in  order  to  bate 
that  wbich  would  be  observed  if  the  earth  were  at  rest;  and  if  w 
multiply  0"1358S52  inch  by  the  square  of  the  cosine  of  the  lati- 
tude, the  result  will  be  the  correction  for  any  other  latitude.  Tte 
correction  for  Ihe  latitude  of  Plymouth  is  0'055:351  inch;  sd  ll* 
the  length  of  the  seconds'  pendulumj  if  the  earth  were  iaUsoTf' 
able,  would  be  39-209438  inches. 

In  like  manner  may  the  length  of  the  simple  pendulum  of  secooi 
be  determined  in  any  other  latitude;  and  this,  in  my  opinion,  is  ^ 
only  mean  presented  by  Nature  for  determining  the  unity  of  lioMf 
measures,  being  "  independent  of  moral  revolutions,"  and  art 
liable  to  "  any  sensible  alterations,  but  by  very  great  changes  to 
the  physical  constitution  of  the  earth."  Besides,  this  syitein  !> 
tnuch  more  simple  and  correct  than  the  meridian  system,  on  >*• 
count  of  the  e.iccss  of  attraction  on  the  part  of  the  moantainit  w 
the  defect  of  it  ou  the  part  of  the  ocean. 
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Article  XL 

P?  the  Course  of  the  Niger.    By  Mr.  S.  Roptsey. 

(To  Dr.  Thomson.) 

SIR,  BrUtoly  Aug,  4,  1816. 

.   Should  you  consider  the  fallowing  as  meriting  a  place  in  your 
iffpah  of  Philosophy,  it  is  at  your  service. 

I  am^  ^ir^  your  most  obedient  servant, 

S.   KOOTSRY. 


It  is  generally  known  that  we  have  lately  sent  out  two  expcdi- 
^qns'for  the  purpose  of  exploring  the  interior  of  Africa,  and  more 
ISipecially  the  course  of  the  river  Niger,  to  which  the  attention  of 
Ibe  philosophical  world  has  been  particularly  directed. 

This  river  is  undt- rstood  to  stretch  across  Africa,  but  with  regard 
ipttu;  dicectiou  in  which  it  flows  geographers  are  much  at  variance  : 
however,  a  river  which  rises  in  the  country  of  Manding,  and  which 
•Ij^f^  fpr  300  miles,  as  far  as  Silla,  from  VV.  to  E.,  is  considered  as 
jll^  W^^tern  extremity.  Haoussa  seems  to  be  about  ^IIX)  miles 
luther  down  the  stream,  and  it  is  presumed  that  its  easterly  course 
:l| continued  so  far;  directly  contrary  to  what  we  were  given  to 
Jioderstand  was  its  direction  at  Tombuctoo,  which  is  farther  on  than 
jSilla*  On  the  other  side  of  the  continent  it  is  said  to  flow  by 
.Ghsma,  Cassena,  and  Tocrur,  from  £.  to.  W.,  but  some  contend 
thft  it  flows  from  Haoussa  to  Giiana,  from  W.  to  £.  A  learned 
((riter  supposes  that  there  are  two  rivers,  to  both  of  which  the  name 
(^  Niger  has  been  given,  and.  which,  running  in  opposite  directions, 
Miitt  in  an  inland  sea.  Some  have  adduced  strong  arguments  to 
lirofie  that  the  river  Congo  or  Zaire  is  its  western  extremity,  and 
otfa^fs  consider  that  it  discharges  its  waters  into  the  Atlantic  at 
B^QiQ.  Two  recent  publications,  die  Narrative  of  Ilobert  Adams 
ipd  ibe  Travels  of  Ali  Bey,  have  been  thought  to  increase  the  confu- 
tpp.  Hence  any  observations  tending  to  reconcile  these  apparent 
Wiptmdictions  will  not  require  an  apology. 

fi|y  laying  down  the  positions  of  some  of  the  towns  by  wliich  this 
ri?^  is  said  to  pass,  and  by  noting  the  direction  in  which  it  is  stated 
to  flow  at  each  place,  I  hope  to  determine  this  long  agitated  ques- 
tlQlID*  The  cause  of  this  confusion  I  attribute  to  the  misplacing  of 
Tocrur  and  of  Haoussa,  and  to  the  statement  of  Edrisi,  that  the 
rivdr  terminates  between  Tocrur  and  Ulib. 

Edri^i  says  that  Tocrur  is  40  days  journey  from  Segelmessa,  and 

:SM  from  Ghana.    I  know  of  no  reason  ftoMinoose  tluit  Tocrur  is  nbt 

■lli-the  direct  line  from  Ghana  to  Sage  and  I  therefore  plaoe 

k  accordingly.    Now  Ghana  seems  tA  12  degrees  S.  by  £. 

#  Tripoli,  for  it  i3  45  days'  journey  lot  quite  so 
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£iic1i  from  Caugla  or  Gaoza,  wliich  13  to  the  W-  of  Nubia,  i 
ys'  jouriuy,  or  400  miles  S.  of  Kucu;  and  Segclmessa  is  situ 
f  tee  E.  of  Morocco.  This  position  will  bring  Tocrur  a  httle  to 
|f  the  great  lake  of  Waiguela,  in  which  to  the  S.  of  that  tow 
Je  the  island  of  Ulib-  With  the  country  beyond  this  Edi 
I  Unacquainted,  and  therefore  thooght  that  the  river  tennin 
I  this  inland  sea,  which  he  must  have  mistaken  for  an  arm, 
■  Atlantic,  This  is  agreeable  to  the  opinion  of  Mr.  Hugh  1 
l*who  thought  that  this  lake  was  the  Soudan  sea.  Betweeo 
I  «ld  Ghana,  1 2  days'  journey  from  each,  and  to  the  8.  of  All( 

tAgades,  12  days' journey,  was  the  town  of  Berissa,  10  days* 
the  N.  of  the  land  of  Jjamlem,  beyond  which  to  the  i 
IjBdrisi,  it  is  not  known  that  there  is  any  inhabited  place.  I 
piat  the  river  flows  from  E.  to  W.,  and  this  seems  to  be  coi 
y  the  relation  of  Shereef  Imhammed  to  Mr.  Luca!>,  who  d 
t  he  passed  it  at  the  town  of  Cassena,  and  (hat  the  stream 
lat  direction.  Cassena  Is  W,  of  Cano,  which  all  agree  is  th 
«  Ghaoa,  TIrca  is  six  days'  journey  E.  from  Ghana,  and  t 
jes  on  the  bank  of  the  river.  Hence,  I  think,  there  can 
Ipubt  that  the  river  described  by  Edrisi  runs  from  E.  to  W.  i 
ibove mentioned  lake. 
u»^  It  appears  to  pass  through  this  lake,  and  to  flow  in  a  S.^ 
'Ion  past  Tombuctoo,  after  receiving  those  rivers  whioh  a 
(own  as  running  eastward  from  Morocco.  All  who  have  t 
Tombuctoo  assert  that  at  that  place  the  river  runs  from  E.\ 
"^t  Robert  Adams,  who  went  up  its  right  bank  for  more  tli 
Ailes,  says  it  comes  from  the  N.  E.,  and  is  ^  of  a  mile  hn 
'^t  at  Tombuctoo  it  would  seem  to  wind  a  little  more  to  1 
0  Africanus  says  that  Tombuctoo,  which  he  had  viiiited,  w. 
[*lded  within  12  miles  of  a  branch  of  the  Niger.  This  branch 
.aider  aa  the  river  Joliba,  discovered  by  Mr.  Park,  and  whic 
in  the  country  of  Manding.  Below  the  confluence  of  thew 
the  stream  certainly  passes  by  Haoussa.  1  isball  not  infer  the 
tion  in  which  the  riftr  flows  from  the  position  of  Haoussa, 
position  of  Haoussa  from  the  course  of  the  river.  Now  Leo 
that  merchants  sail  with  the  stream  from  Tombuctoo  to  C 
which  kingdom  he  says  is  that  which  is  so  called  by  the  £im 
he  does  not  speak  of  it  as  a  town  called  Gertnc.  A  person  w 
been  at  Haoussa  likewise  informed  Mr.  Beaufoy  that  mei 
sailed  from  thence  with  the  stream  towards  Ghana.  Hence 
country  we  call  Ghinea  or  Guinea  is  to  the  S.  of  Tombu 
think  it  is  evident  that  the  river  runs  in  a  southerly  cour 
Haoussa.  Ben  AH  heard  it  slated  at  Tombuctoo  that  the 
terminated  to  the  S,  of  that  capital. 

A  merchant,  who  had  resided  at  Tombuctoo,  informed  A 
tliat  that  town  was  300  miles  distant  from  a  river  called  Nil 
which  ran  from  W.  to  E.  into  a  vast  sea  that  Is  48  days'  sai 
one  shore  to  ihc  other.  Leo  tells  us  that  the  town  of  Gago  is, 
S.  of  Tombuctoo  abnost  400  miles,  inclining  somewiu 
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d  in  another  place  that  Guber  is  situate  almost  300  miles 
go ;  between  them,  he  says,  is  a  vast  desert,  which  is  in 
:  of  water,  being  about  40  miles  distant  from  the  Niger. 
i  conclude  that  the  Niger  runs  from  W.  to  E.,  about  40 
F  the  line  that  connects  Gago  with  Guber.  Leo  says  that 
I  plaqe  of  great  trade,  and  that  the  negroes  buy  cloth 
ther  from  Barbary  and  Europe ;  I  suppose  via  Torabuctoo 
lake  of  Werguela.  Mr.  Jackson,  in  his  account  of 
says  that  15  days'  journey  E.  of  Tombuctoo  there  is  an 
ake  called  BaharSoudam.  This  must  be  the  vast  sea 
i  the  river  falls  400  miles  fkrther  S.  I  think  also,  that  if 
river  entered  this  sea  to  the  E.  of  Toipbuctoo,  Mr.  J. 
have  used  the  terms  15  days' journey;  but  if  we  suppose 
jesert  between  Gago  and  Guber  (which  Leo  calls  vast) 
the  N.  E.  past  Tombuctoo,  this  expression  wauld  be 
the  breadths  of  deserts  are  always  expressed  in   th^t 

think  I  have  proved  that  the  river  runs  from  E.  to  W.  past 
lassna,  and  Tocrur,  and  then  S.,  through  the  lake  of 
,  by 'Tombuctoo,  and  Haoussa,  to  Gago  :  and  that  from 
)asses  by  Guber,  and  falls  into  the  Soudam  Sea,  whicli  is 
re  no  connexion  with  the  ocean,  and  respecting  which 
ticulars  may  be  found  in  Mr.  Jackson's  Morocco,  and^ 
thers,  that 'its  Eastern  shores  are  inhabited  by  Christians, 
whites.  Thus  also  does  this  river  seem  to  agree  with  the 
Moses,  encompassing  the  whole  land  of  Ethiopia.  Beiqg 
f  not  excluding  from  your  Journal  more  interesting  matter, 
Q  as  concise  as  the  limits  to  which  I  confined  myself  would 
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'ilusCorporum  Nattiralium^priBcipve  Animalium  Vegeta* 
determinandis  Commentatio  phisio^aphica,,  quee  ad  rret^ 
las  in  Universitate  Litieraria  Berolinensi  havendas  invilai 
icus  Gottlob  Hayne,  &c.  Berlin,  1814. 
irate  arrangement  atid  nomenclature  of  colours  has  of  late 
cted  much  of  the  attention  of  naturalists.  Its  utility  in 
f  has  been  long  understood ;  and  it  is  probable  that  it 
applied  to  Zoology  and  Botany,  with  nearly  the  same 
.  Dr.  Hayne  published  a  first  attempt  of  the  kind  some 
in  his  book  entitled  Termini  Botanici  Iconibus  illustrata  ; 
present  publication  he  conside  iprovement,  or 

)mpletion  of  bis  former  laboun  *  to  define  the 
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di&rent  colours,  by  referring  each  to  some  natural  substanci 
easy  access,  which  is  distinguished  by  the  colours  in  question.  ' 
render  liis  method  intelllgtble,  nothing  more  is  necessary  4 
to  rive  lus  table  of' the  difierent  colours^  and  their  varieties,  ' 

SFBCtSS  OF   COLOURS. 

1.  Albas,  white.  5.  R.nber,  rc^. 

%  Gaha's,  grey.  &.  Luteus,  Vellow. 

f .  Niger,,  blade.  T.  Viridis,  greeo. 

4.  BcsDoeuJiy  brown.  8.  Cceruleus,  ^ue. 

TAR1£TI£S» 

I.  Varieties  of  White. 

I.  Niyeus,  SDow-wbite.  ^.  Eborinus,  (ivory»wbite)y^p|llnr 

is.  ArgUlaceiis,  greyi^h-wbite.  nrhite. 

t,  BetoliDos,  tbirclii«white),  brownish-  .  6.  Amianiious,  greeuish-wbite. 

wbite.  7.  Laeteos,  bluish>whitc. 
4»  Came«»,  red^Ub^wbite, 

IL  Varieties  of  Grey. 

•  » 

1.  Jncaiitis,  wbit^-i^ey.  7.  Cycaceqs,  jred-grej. 

(S.  Griseos^  blackish-grey*  8.  Gineref»,  ;^enowisb-gre7. 

^.  Mttriinis,    (oiotise-^bloor),    black*  9.  Hoborians  (oak-grey),. yellew^ 

grey.  10.  Strycboinas,  greenisb-grey. 

.#w  .]i!|iiii|ffUiii  (jMDo.^fr^^rey),  brownish-  U,  Fcpoinus    v^-<:<^^o«r^)t  9^ 

5.  Gipr^olatos,  brown-grey.  13.  Lencoph«Bus,^  bluish-grey. 
'#.  Ittlu^ai'itaceiis   (pearl-grey >,    red-      13.  Schistaceas,.  blue-grey. 

IIL  Varieties  of  Black. 

I,  Afer,  pore-black.  5.  Ureaceus^  yeHowish-black. 

9.  Basaltinus,  greyish-black.  0.  CoraciniiB,  greenish-black. 

5.  Piceus,  brownish-black.  7.  Anthracinus,.  bluish-black. 

4.  Morinus,  reddish-black. 

IV.  Varieties  of  Broum. 

I.  Glandaceus,  whitish-brown-.  7.  Castaneos,  red-brown. 

f.  HeWoltts    (hair-brown),     greyish-        8.  Cinnamomeus,  yellowish-browi) 
lirown.  9-  Ferrugineus,  yello^-brow'n. 

f.  CascarUlin^s,  grey-brown.  10.  Hepaticus,  greenish-brown. 

.  F^uscus    (coflTee-brown),     blackish-  11.  Goaiacinus,  green-brown. 

'"bri>wn.    :'      '  12.  Jnniperinas,  bluish-brown. 

5.  Fuliginosns,  black-brown.  13.  FuUas  (wood-brown)  bluc-broi 
(k  B^dijas,  reddisly-bro.wn. 

V.  Varieties  of  Red. 

1.  Carqnineus,  pnre-red.  7.  Cerasinus,  b1ack-r^. 

2.  Persicinus  (peach-blossom),  whiti&h        8.  Lateritlus,  brownish-red. 

red.  9.  Hematiticus,  brown-red. 

3.  RoEeus,  white-red.  10.  Coccinens  (scarlet),  yellowisb^ 

4.  Gilhaginosns,  greyish-red.  •  11.  Miniatus  (minium)  yellow-rei* 

5.  Linotius,  grey-red.  12.  Purpureus,  bloisb-red. 
S»  Sanguineus^  blackish-red.                     13.  liilacinus,  blne-rcdw 

.7 


Ifl^J    De  ColorUm  Carponm  NainraUmi  deierndnandis. 
2  i  r  VI.  Varieties  of  Yellow. 

fi^UaiivcalacevB,  pare-yelloir.  8.  YitflUnas,  browoish-yenow^ 

■jCttrinns,  wbiti8ii-yellow«  9.  Ochraceus,  browo-yellow. 

KrllByus,  Tvhite-vellow.  10.  Aurantiacus,  reddish-yellow, 

t«uett»,  greyish-yellow.  11.  Croceos,  ried-yeltow. 

'  (Merinos,  grey.yellow.  12.  Salphureiu,  greeDisb-yellow. 

Mi  IfOridus,  blackisk.yellow»  13.  LaitreoUcetUy  greea-yeUow. 
9V  yaUtiaus  (Molatto),black.yel1ow. 
.-  " 

VII.  Varieties  of  Green. 


%  -ImaragdinBg,  pnre-green. 
dt  Pomaceug,  ^bitl§h-green. 
9. 1'itaceos,  white-greeo. 
H»^anasina8,  greyish-greea, 
A.^laucus,  grey -green. 
2^Popaleu8,  blacleish-green. 
■r  Cbloriticus,  black-greea. 


8.  Cap  pari  nos,  brownish-gree*. 

9.  Olivaceas,  browii-greeD. 

10.  Psittacious,  yellowish-green. 

11.  Ligurlnus,  yellow-green. 

12.  Maiachiticos,  b1uiih-green« 

13.  ^ruginosus,  blue-green. 


VIIL  Varieties  of  Blue. 


I.  Gyanetis,  pare-blae. 
t.  Aznreos,  whitish-blue. 
S:  EodlTfacein,  white-blue. 
^  CcBsiojs,  greyish-Uue, 
i  ^oViluf,  grey-blue. 
C  Ilidfig6ftcii8,  btacklsh-blae. 
^JfjFrtflilatfs,  btack-Une. 


8.  Pruninus,  browofph-blne* 

9.  Lividus,  brown-blue. 

10.  Parcdllnus  (litmus-bloe),  redtttgh* 

blue. 

11.  ViolaceuSy  red-blue, 

12.  Tarcinus  greenish-bloe. 
18.  Coraciaceasy  greeni-blae. 


^  The  Latin  nanies  by  which  these  coldunr  are  distinguished^  arcf 
Arived  each  from  some  natural  object,  which  possesses  the  colotir 
denoted  by  it.  Thus  roborirms  is  the  colour  of  the  small  twigs  pf 
the  oak  tree,  letalinus  is  the  colour  of  the  cutide  of  the  beecH  tree,: 
and  so  or.  Id  general  these  names  may  be  traoed  to  the  natural 
iBbstraces,  which  are  intended  to  constitute  the  types  of  thef 
odoihs ;  but  this  is  not  always  the  case.  The  derivation  of  some  of 
liie  words  is  rather  obscure;  and  some  of  tliem^  as  cdscariUiniiS 
(iftmi  cascarilla  bark)  allude  to  substances  not  likely  to  be  generaUj^ 
fiuniliar  to  naturalists. 

The  book  is  terminated  by  two  tables ;  the  first  of  which  gpves  a 
view  of  the  different  simple  colours  of  which  the  compound  .ookxin 
s^  composed;  and  the  second  shdws  in  what  way  the  difierent 
ttplel  colours  pass  into  each  other. 
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Proceedings  of  Philosopkkal  Societies, 

ROYAL    INSTITUTB   OF   FRANCE. 
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Discovery  of  two  Sorts  of  Goalie  Jtefracticn,  attractive- 
pulsive.    By  M.  Biot. 

When  a  ray  of  light  peiietmtes  info  a  cryMal,  wliose 
form  is  not  the  regular  octahedron,  nor  the  cube,  wei 
general  that  it  divides  into  two  pencils  unequally  refractei 
called  the  ordinary  pencil,  follows  the  law  of  refraction  dii 
by  Descartes,  and  which  is  common  to  all  bodies,  whether 
lized  or  uncryatallized.    The  oilier  follows  a  different 
complicated  law.    It  is  called  the  extraordinary  pencil. 

Hayghens  determined  this  last  law  by  observation  in 
boidal  carbonate  of  lime,  usually  called  Iceland  spar,  and 
it  by  a  consiructiun  equally  ingenious  and  exact.  Laplace,  bi 
bining  this  fact  with  the  general  principles  of  mechanics,  has  de- 
duced the  general  expression  of  the  velocity  of  the  particles  of  light 
which  constitute  the  extraordinary  pencil.  This  expres^^ion  indicalct 
that  they  are  separated  by  a  force  proceediog  from  the  axis  of  ibt 
ciystul,  and  which  in  Iceland  crystal  is  repulsive. 

It  was  generally  supposed  to  be  the  same  in  all  crystals  possesKiI 
of  double  refraction;  but  M.  Biot  has  discovered  by  new  experi- 
ments that  in  a  great  number  the  extraordinary  ray  is  attracted  to 
the  axis  inFitead  of  being  repelled.  So  that  under  this  point  of  view 
crystals  may  be  divided  into  two  classes;  the  first  of  which  Biol 
calls  attractive  double  refraction ;  the  second,  repulsive  dottle  n- 
fraclvm. 

Iceland  spar  belongs  to  the  first  class ;  rock  crystal  to  the  last,  M. 
Biol  supposes  that  the  force,  whether  attractive  or  repulsive,  pft- 
ceeds  from  the  axis  of  the  crystal,  and  follows  always  the  same  laiHi 
■o  that  the  formulas  of  Laplace  may  be  always  applied  to  it. 

Preceding  observations  had  already  led  M.  Biot  to  perceire  ■ 
singular  opposition  in  the  nature  of  the  impressions  which  diETerein 
cryitals  exercise  on  light  in  polarising  it.  {See  our  history  for 
1814.)  He  had  expressed  this  opposition  by  the  terms  quartwm 
polarization  and  beryilous  polarixatioii^  from  the  names  of   * 
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Ixxlies  which  first  eKhibited  it.  He  now  finds  that  all  crystals  pos- 
sessing the  quartzous  polarization  are  attractive,  while  those  pos- 
sessing the  beryllous  are  repulsive.  Iceland  spar  b  in  the  latter 
2)redicament. 

These  results  show  that  there  exists  in  the  action  of  crystals  oa 
light  the  same  opposition  of  force,  which  has  been  already  recog- 
nised in  several  other  natural  actions,  as  the  two  magnetisms,  the 
:two  electricities.  The  other  observations  already  published  by  M, 
Siot  on  the -oscillations  and  the  relations  of  luminous  particles  lead 
equally  to  the  same  conclusion. 

*     Determination  of  the  Law  according  to  which  Light  is  polarized 
4it  the  Surface  of  Metals*    By  M.  Biot. 

When  Malus  discovered  the  polarization  which  light  experiences 
when  reflected  from  the  surface  of  diaphanous  bodies,  he  recognized 
at  the  same  time  that  this  phenomenon  is  not  produced  at  least  in 
the  same  manner  at  the  surface  of  metals.     M .  Biot,  in  his  work 
on  liglit,  showed  afterwards  that  two  sorts  of  reflections  are  produced 
in  general  at  the  surface  of  coloured  bodies  :  the  one,  which  ap- 
pears to  be  produced  without  the  body,  acts  indiscriminately  on  all 
Ae  luminous  molecules,  and  produces  a  white  ray,  if  the  incident 
light  be  white :  the  other,  more  interior,  acts  only  on  the  luminous 
Mies  which  compose  the  peculiar  colour  of  the  body.    The  first, 
mder  a  certain  incidence,  polarizes  in  great  part  the  light  in  the 
direction  of  the  plane  of  reflection,  after  the  manner  of  diaphanous 
bodies.    The  second  does  not  produce  this  eflect,  or  at  least  pro- 
daces  it  with  a  much  smaller  intensity.    Thus  if  we  place  a  mirror 
10  that  it  transmits  or  absorbs  the  first  kind  of  light,  it  will  reflect 
die  other,  and  we  shall  see  the  body  of  its  own  colour  without  any 
nrixtiire  of  white  light.     From  employing  this  method,  M.  Biot 
thcmght  at  that  time  that  the  portion  of  light  of  which  these  colours 
tie  composed  proceeded  from  the  body  polarized  in  a  manner  quite 
tonfused.    M.  Arago  showed  that  a  very  considerable  portion  fHTO- 
ceeded  from  all  sides  polarized  parallel  to  the  surface  of  the  body, 
md  perpendicular  to  the  plane  of  emergence.     Dr.  Brewster,  by 
reflecting  several  times  from  plates  of  silver  or  gold  a  ray  of  light 
already  polarized,  observed  that  this  light  was  modified  so  that 
when  analysed  with  a  prism  of  Iceland  spar  it  divided  into  two 
diflferently  coloured  pencils.    M.  Biot  hastened  to  verify  this  re- 
mariuible  observation ;  and^  to  distinguish  the  nature  of  the  tints  the 
better,  he  made  a  white  ray  of  light  from  the  clouds  previously 
pcAarized  by  a  black  glass  to  fall  upon  the  plates.  Then,  by  varying 
theiocidencesof  the  rays  on  the  plates,  he  easily  perceived  that  the 
tiats  into  which  the  reflected  pencil  divided  itself  were  precisely 
those  of  the  coloured  rings,  reflected  and  transmitted,  which  were 
observed  by  Newton ;  and  that  in  this  respect,  as  well  as  in  the 
direction  of  the  polarization,  the  phenomenr  ved  exactly  the 

law  of  the  moveable  polarization,  which  hd  0  crystallized 

plates.     He  communicated  this  analogy  to  i  ■'ch  27 

lasty  iriieii  he  gave  an  account  of  the  new  dim  «« 
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At  tliis  timo  the  coannunicatian  with  Great  Britain  w&s  ioter- 
ruptcd,  and  MM.  Biot  aniJ  Brewster,  who  liad  muiually  coniiriuni- 
v&iei  the  resulls  of  their  researches,  eoiuinucd  their  solitary  Iflbeun 
without  being  aljle  to  correspond.  M.  Eiot  convinced  himselF^  hj 
nuUK^rotiG  observations,  that  silver  and  oilier  metals  modify  tlu 
light  which  they  reflect  exactly  as  doubly  refracting  crystals  modi^' 
that  which  they  refract ;  the  number  of  successive  retleciions  ww- 
respoading  to  ihe  greater  or  smaller  thickness  of  the  crystal. 

The  phenomena  observed  by  M.  Biot  were  different,  at  least  il 
appearance,  from  those  announced  by  Dr.  Brewster.  The  acute 
Edinburgh  philosopher  had  described  at  first  the  tints  of  the  re* 
fleeted  images  as  succeeding  each  Other  by  simple  changes  from  lbs 
greatest  to  the  smallest  refrangibilliy  ;  whereas  M.  Biot  dtseover«d 
in  them  Ihe  whole  series  of  reflected  and  transmitted  rings.  Dt. 
Brewster  pointed  out  these  tints  as  polarized,  the  one  in  the  plaM 
of  reflection,  the  other  in  the  perpendicular  plane  ;  M.  Biot  found' 
th^m  polarized  at  equal  distances  from  this  plane,  the  one  in  tbe 
direction  of  the  primitive  polarization,  and  the  other  on  the  opposite 
side,  agreeably  to  the  theory  of  oscillations.  From  this  it  fcllowwl 
titat  a  single  reflection  from  silver  ought  not  to  give  natural  light 
any  deicrminaie  polarization.  Dr.  Brewster,  by  continuing  hii 
observations,  had  completed  his  first  notions.  He  had  come  to 
conclusions  partly  similar  to  those  contained  in  the  last  letter  whicb 
lie  had  received  from  M.  Biot,  and  conformable  to  the  laWs  of 
moveable  polarization,  at  least  for  the  simitar  reflections,  asthtt 
letter  had  pointed  out.  But  M.  Biot,  not  having  any  knowledge 
of  what  was  done  in  Edinburgh,  and  uneasy  at  (he  apparent  cOif 
tradiction  which  he  perceived  between  his  own  experimeDts  and 
those  of  Dr.  Brewster,  mentioned  the  subject  to  M,  Arago>  who 
assured  him  that  he  hud  observed  that  light  reflected  by  silver,  u 
well  as  by  other  metallic  bodies,  always  esperiences  a  very  sentible 
partial  polarization,  according  to  the  plane  of  incidence;  and  b* 
gave  him  a  piece  of  polished  silver  which  really  possessed  thst  jto- 
party.  The  new  experiments  made  with  this  piece  were  confoml-' 
able  to  those  indicated  by  Dr.  Brewster,  and  contrary  to  those  fof- 
merly  perceived  by  M.  Biot.  He  endeavoured,  in  consequence,  to 
discover  the  difference  which  existed  in  the  elements  of  the  t«a 
observations.  He  conceived  that  the  different  manner  of  polishiitg 
might  have  some  eficct  on  the  polarieing  power  of  metallic  plate*. 
This  supposition  was  confirmed  by  experience. 

A  meial  may  be  polished  either  by  hammering  or  friction.  Th* 
first  method  when  applied  to  silver  gives  it  great  whiteness^  but  tlie 
images  are  always  e  little  hany,  and  ill  denned  rounil  the  edges.  It 
reflects  light  in  aliundance  ;  but  we  do  not  recognize  in  it  the  lively 
polish  and  brilliancy  of  a  mirrtir.  By  the  other  method  we  obteia 
more  accurate  and  brilliant  images,  and  the  reflection  has  quite  c 
specnkr  appearance. 

It  b  very  remarkable  that  these  tivo  kinds  of  polish  ptbduee  li.- 
difitfrent  eflbct  upon  incident  light.     We  do  not  here  allude-lMktt| 
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T^ter  or  siriall&r  quantity  which  the  surfeccr  reflect^  but  t0  thtf 
■ftnner  in  which  they  act  on  the  luminous  molecules,  lind  tfaff 
Kfdction  in  which  they  polarize  them* 

When  the  surface  has  received  the  specular  polish,  it  produces 
ly  regular  reflection  two  distinct  efiects.    It  first  gives  to  a  part  of 
he  incident  light  the  moveable  polarization  round  the  plane  of  in- 
adence;  that  is  to  say,  it  makes  the  luminous  molecules  oscillatie' 
ysk  one  side  or  other  of  this  plane,  in  the  same  way  as  a  thin  crytf- 
:al]ized  plate,  or  a  plate  having  a  weak  polarizing  power,  makei' 
item  oscillate  on  both  sides  of  the  principal  section ;  and  in  both 
sues  the  tints  pass  through  the  whole  series  of  Newton's  reflected 
lod  transmitted  rings.     But,  besides  this,  the  metallic  surface  giveif 
to' a  white  portion  of  the  light  the  fixed  polarization  in  the  plane  of 
incidence;  in  the  same  way  as  a  thick  crystalline  plate,  cnt  one 
having  a  strong  polarizing  power,  gives  to  the  light  which  traverser 
the  polarization  fixed  in  two  rectangular  directions.    And  as  Bioff* 
hto  shown  that  in  all  crystallized  bodies  the  luminous  molecules 
pass  progressively  from  the  moveable  to  the  fixed  polarization,  whetf 
they  have  penetrated  to  a  certain  depth,  in  like  manner  in  each  re^ 
flection  between  two  metallic  plates,  we  observe  that  a  part  of  thtf 
light  Which  had  undergone  the  moveable  polarization  in  the  pre-^ 
cMing '  reflections  assumes  the  fixed   poldrizrition,  which  it  catf 
never    after  lose    if  the  reflecting  plates  are  parallel ;    so  thdt 
in  this  case,  after  a  number  of  reflections  more  or  less  consider- 
able, according  to  the  nature  of  the  metal  and  the  polish  which 
it  has  received,  we  ought  to  find,  and  we  do  in  fact  find,  almost 
dl  the  light  polarized  fixedly  in  the  plane  of  reflection.     In    th^ 
reflection  from  steel,  and  probably  from  the  other  metals  that  xA^r 
a  very  lively  specular  polish,  the  portbn  of  white  light  thus  taketf 
irom  the  moveable  polarization,  is  incomparably  the  greeftest.    Stf 
that  the  appearance  of  colours,  which  the  moveable  polarilatidtt 
can  ak>ne  produce,  becomes  insensible,  or  can  only  be  perceived 
|Q  certain  peculiar  positions  pointed  out  by  the  theory.     Accord- 
bgfly  Biot  has  been  able  to  perceive  it  distinctly,  even  when  the 
bM  polished  steel  is  employed. 

When  we  employ  silver  plates  that  htive  received  the  ^culaf 
polish,  the  portion  of  light  which  assumes  the  fixed  polarization 
It  each' reflection  is  still  very  considerable,  though  it  is  much  lesi 
than  when  we  employ  the  two  mentioned  metals.  By  a  necessarf 
iHimpensation,  the  portion  which  assumes  the  moveable  polarizatiod: 
z  greater,  and  the  phenomenon  of  the  tints  becdthes  more  beau* 
:ifal,  and  more  edsily  obsfer^cd.  But  the  direction  of  the*  polariza* 
tioH  of  the  white  pencil  being  e^tectly  intertnerfiate  between  the  tv9<> 
2dlooved  pencils,  it  follows  that  it  mixes  with  them  in  the  refracfic^ 
produced  by  the  rhomboid;  and  it  is  only  by  refracting th^m' iik 
|Nirticular  directitkis  ittdieftticll  h«r  Hie  tlieoty  that  we  can  fully  ex« 
bibit  the  law  of  their  tidtsr.  '  '>^lW»iilrv  di^p^rsf  almost  en- 
tively  in*  the  plare^  of  siHWff  i«ir&tter.    The  A  the 

poMiow  of  lighi^whieh'  «M«  m6ttii«l  tv9i^ieU 
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JltiCtion,  becomes  very  small,  compared  with  Ihat  which  retains  the 
moveable  polarisation  ;  at  least  when  the  plalei  are  not  presealtd 
to  the  iDcideiit  riiys  under  a  very  great  obliquity  j  for  we  know  that 
in  ibat  case  all  the  plane  surfaces,  even  those  unpolished  on  pnr- 
po^,  assume  the  specular  polish.  Accordingly,  if  we  avoid  grrU  |l 
inclinations,  and  restrict  ourselves  to  a  small  number  of  reflections, 
the  laws  of  moveable  polarizaiioo  alone  are  perceived,  and  the  itatt 
of  the  pencils,  which. nothing  alters,  are  developed  with  the  grcateit 
regularity  according  lo  the  series  of  Newton's  rings. 

In  ibis  extract  wc  have  followed  tbe  author  of  the  memoir  step 
by  step.     We  have  taken  from  his  experimenO  and  explanaiimi     1 
what  may  be  useful  to  those  philosophers  who  wish  to  confirm  phe- 
nomena so  new  and  curious ;  and  we  refer  them  to  the  memoir 
itself  for  th«  proofs  of  tbe  different  assertions  which  we  have  staled, 

Pkerwmena  of  successive  Dfpolarix»tion  observed  in  fiomogetmu 
Fluids.    UyM.Biot. 

The  investigations  undertaken  by  M.  Biot  required  that  he  should 
put  crystallized  plates  in  different  Huids  to  makt  the  rays  penetrate 
to  them  very  ohiiquely  at  their  surfaces  ;  and  these  experiments  led 
liim  Co  tbe  discovery  of  a  phenomenon  so  much  the  more  remark- 
able as  it  seems  owing  to  the  individual  action  of  the  particles  of 
bodies  on  light,  without  any  relation  whatever  to  their  state  of 
aggregation. 

This  phenomenon  Is  analogous  to  that  which  we  observe  in  plalei 
of  rock  crystal  when  we  transmit  light  through  them  parallel  to  tbe 
■xis  of  crystallization .  In  this  case  the  force  which  produces  ilie 
double  refraction  and  the  regular  polarization  has  become  null,  be- 
cause it  proceeds  from  the  axis  of  tbe  crystal.  But  we  then  see 
other  forces  unfold  themselves  which  the  first,  while  energetic,  con- 
cealed, and  which  being  alone  active  modify  the  luminous  mole- 
cules in  a  manner  quite  peculiar.  The  characteristic  of  this  kind 
of  force  is,  that  instead  of  causing  the  axes  of  polarization  of  tk 
luminous  particles  to  oscillate,  like  other  polarizing  forces,  itseeim 
to  give  them  a  continued  rotatory  motion  round  the  axis  of  the 
crystal,  more  rapid  in  the  violet  rays  than  in  tbe  blue;  in  the  biM 
than  the  green  ;  and  so  on  inversely  as  the  order  of  refrangibility. 
The  influence  of  these  forces  is  not  confined  to  a  change  of  position 
in  the  luminous  particles ;  it  communicates  to  them  true  physical 
properties,  similar  to  permanent  magnetism,  the  nature  and  inten* 
■ity  of  which  modify  the  motions  which  they  afterwards  assoDM 
when  they  are  made  to  traverse  other  crystals. 

These  modifications  and  properties  are  very  different  irom  those 
possessed  by  molecules  polarized  by  !i  single  reflection  ;  and  M. 
Biot  has  just  discovered  them  in  a  substance  perfectly  fluid,  pure  oil 
of  turpentine. 

Tlie  apparatus  with  which  he  made  the  first  observation  was  i 
tube  about  three  centimetres  long,  the  two  ends  of  which  were 
closed  by  glass  plates,  in  order  to  contain  tlic  different  fluids  la 
vbicb  he  plunged  the  crystalline  plates  that  he  wislicd  to  exaoiine- 
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When  he  employed  in  this  manner  oil  of  tuq)entine,  he  perceived 
tbat  the  polarized  ray  transmitted  through  the  apparatus  exhibited 
traces  very  weak  indeed,  but  quite  perceptible  of  depolarization  ; 
the  extraordinary  ray  was  of  a  dark  blue,  scarcely  perceptible. 
Then  on  turning  from  right  to  left  the  achromatic  rhomboidal  prism 
which  serves  to  analyse  the  transmitted  light,  it  was  seen  that  this 
extraordinary  ray  went  on  continually  diminishing  in  intensity 
without  changing  colour  till  it  became  sensibly  null  at  an  azimuth 
of  about.  12^:  and  as  the  molecules  which  had  at  first  undergone 
the  ordinary  refraction  had  been  continually  giving  way  to  it  in  that 
interval,  the  ray  iappeared  at  that  azimuth  wholly  polarized  in  the 
ordinary  manner.  On  turning  the  rhomboid  further,  there  was 
again  formed  a  new  extraordinary  ray,  very  weak  ;  but,  instead  of 
being  blue,  it  was  yellowish  red.  These  characters,  slight  as  they 
were^  were  precise,  and  showed  a  perfect  identity  between  this 
dass  of  phenomena  and  that  presented  by  plates  of  rock  crystal 
perpendicular  to' the  axis. 

M.  Biot  knew  that  in  these  last  the  developement  of  the  colours 
increases  in  proportion  as  they  become  thicker,  and  that  the  ampli- 
tude of  the  minimum  of  the  extraordinary  pencil  is  proportional  to 
their  thickness.     Hence  he  concludes  that  the  increase  of  thickness 
in  the  mass  of  turpentine  would  have  the  same  effect.     M.  Fortin 
had  the  goodness  to  construct  for  him  very  promptly  another  appa- 
fttus  IG  centimetres  in  length,  and  having  filled  it  with  very  pure 
oil  of  turpentine,  he  saw  the  most  beautiful  colours  appearing  when 
a  ray  of  polarized  light  was  made  to  pass  through  it.    The  nature 
rf  the  tints  in  each  azimuth,  their  direction,  and  the  laws  of  their 
aaccession,  were  absolutely  the  same  as  those  which  he  described  in 
mir  memoirs  for  1812,  and  which  were  produced  by  a  plate  of  rock 
erystal  of  2'0!)5,  from  which  we  see  that  this  action  in  the  oil  it 
about  80  times  more  weak  than  in  the  crystal. 
•   M.  Biot  considers  this  as  the  first  example  of  successive  polariza- 
tion produced  in  the  interior  of  a  fluid  perfectly  homogeneous,  in 
Wnich  we  cannot  suppose  any  regular  arrangement  of  the  particles* 
We  have  seen  from  the  example  of  rock  crystal  that  the  forces 
which  produce  it  are  distinct  from  those  which  crystallization  de- 
▼elopes. 

This  is  not  the  case  with  the  phenomena  of  polarization  which 
depend  upon  the  attractive  and  repqlsive  forces  proceeding  from  the 
axis.  These  cannot  exist  in  a  liquid.  Therefore  on  inclosing  oil  of 
turpentine  in  a  hollow  prism  of  glass  with  a  considerable  refracting 
angle,  but  the  thickness  of  which  scarcely  exceeds  a  centimetre, 
not  only  no  double  refraction  was  observed,  but,  on  account  of  the 
small  thickness,  there  were  no  sensible  vestiges  of  depolarization* 
-  The  author  proposes  to  examine  whether  other  fluids  will  exhibit 
analogous  properties.  He  knows  already  that  water,  fish  oil,  am- 
monia, give  no  traces'"  at  nronerties  at  thicknesses'  much 
more  considerable  thar  nil  of  turpentine  exhibiti 
Acm  conspletely.    Bti  n  aM^bogpua  ^to1^^R9u 
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The  essential  cil  of  laurel  makes  light  torn  from  the  right'  to  tiff 
feft,  like  oil  of  turpenline.  Tlie  essential  oil  of  lemons,  on  iht 
contrary,  and  the  solution  of  cann|)hor  in  alcohol,  make  it  lum 
^  fpbm  the  left  to  the  right.  Thus  we  find  in  fluids  ihe  opposition 
already  Observed  between  the  actions  of  this  Uind  in  plates  of  rod: 
cj-ystBl,  quite  similar  in  their  external  characters.  If  we  take  tiro 
liquids  wltich  thus  turn  light  in  contrary  directions,  which  w 
estimate  by  trying  the  absolute  intensity  of  their  individual  action} 
and  if  we  mix  them  in  proportions  inversely  as  these  intensities, 
we  produce  neutral  miKtures.  We  obtain  this  result,  for  example, 
when  We  mis  together  one  part  in  volume  of  pure  oil  of  turpentine 
with  three  parts  of  the  solution  of  camphor  in  alcohol  of  40°.  fiul 
we  must  raise  the  temperature  of  the  apparatus,  because  this  mh- 
ture  is  transparent  only  while  hot.  Camphor  alone  dissolved  in  oil 
of  turpentine  diminishes  its  rotatory  force  ;  but  it  does  not  dissolve 
in  sufficient  quantity  to  neutralize  it,  (l''his  notice  was  read  to  the 
Institute  on  Oct.  23  and  30,   ISl.'i,) 

On  a  new  Species  of  coloured  Rings  observed  In  Plates  qf^ehnl 
Spar  cut  perpendicuhiTly  ia  ike  Axis  of  CryslaUixalion.  By  M. 
Biot,  Nov.  20,  1815. 

The  plienomena  of  polarization  which  crystals  capable  of  doable 
refraction  produce  on  the  rays  of  li|;l)t  that  traverse  them  depend 
on  the  prini-ipal  polarizing  force  which  proceeds  from  the  axis,  ^T^i 
whose  influence  on  the  time  of  the  oscillations  is  proportional 'to  the 
square  of  tlie  sine  of  the  an({le  formed  by  the  axis  of  the  crystal 
with  the  direction  of  the  refracted  rny.  Hence  if  we  cut  in  mj 
crystal  a  plate  with  parallel  faces  perpendicular  to  the  axis,  and  if 
we  place  the  eye  in  the  prolongation  of  this  line,  the  different  nji 
wbicli  come  to  the  eye  through  the  plate  will  form  different  angla 
with  the  axis ;  and  they  will  experience  different  polarizing  forca, 
so  much  the  more  powerful  as  they  become  more  oblique,  anil  eaeli 
of  these  forces  will  act  in  the  plane  passing  through  the  axis  ani 
the  refracted  ray.  it  follows  from  this  that  if  the  luminous  cone 
which  cornea  to  the  eye  is  composed  of  white  rays,  all  polarized  In 
one  direction,  suppose  the  vertical,  each  of  these  rays  will  resolvB 
itself  into  two  tints,  the  colour  of  wliich,  and  the  direction  of  titc 
polarization,  may  be  determined  in  general  by  the  theory  of  move- 
able polarization,  when  we  knoW  rhc  <*bliquity  of  the  ray  oa  llie 
mis,  and  the  ihickness  of  the  crystallized  plate.  Here  the  symmeti^ 
shows  us  that  these  efl%cts  ought  to  be  the  same  all  round  the  Bib* 
at  equal  distances,  so  that  each  tint  must  form  a  ring  concentrle 
with  it.  This  is  what  we  really  observe  when  we  analyse  light  tians- 
niited  by  means  of  an  achromatic  prism  of  Iceland  spar,  or  by  re- 
flectiori  frort  a  mirror,  in  order  to  sepnrate  in  each  ray  the  portioa 
which  has  preserved  its  primitive  pOlarizaiion  from  thai  which  hal 
krt  it.  The  system  of  these  last  forms  rings  exactly  similar  tu  those 
which  Newton  observed  in  thin  plates  of  water  and  air  situated  be- 
lwe(;n  two  sphericd  objectives ;  and  the  squares  of  their  diameten 
Mre  aactiy  propotiioaai  to  the  iiumhera  assigned  by  Newton  for  the 
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sune  tints  in  \m  table  of  coloured  rings.  But  the  system  of  ring^ 
fiormed  in  tlie  spar^  has  this  particularity  besides^  that  it  is  dividea 
into  four  quadrants,  by  the  fqur  brandies  of  a  great  black'  cross, 
which  as  they  go  further  from  the  axis  assume  the  appearance  of  the 
tails  of  comets,  and  whose  direction  is  parallel  and  pejcpendicular  to 
the  primitive  plane  of  polarization  of  the  incident  ray.  tt  is  easy 
to  see  that  the  rays  included  in  these  two  planes  do  not  lose  their 
primitive  polarization  in  passing  through  the  crystallized  plate ;  and 
thb  is  the  reason  why  the  prism  of  spar,  or  the  reflecting  glass, 
which  serves  to  analyse  the  transmitted  light,  excludes  them  from 
the  system  of  rings  which  we  are  considering,  these  being  solely 
composed  of  tints  which  have  lost  their  primitive  polarization.  The 
diminution  in  thickness  of  the  branches  of  the  cross  is  likewise  a 
eonsequence  of  the  same  theory  ;  and  from  it  also  may  be  deduced 
the  order  of  the  colours  of  the  rings,  the  proportion  of  their 
^iaroeter^  and  even  their  absolute  size,  provided  we  know  the 
thickness  of  the  plate,  and  the  distance  of  the  eye  at  which  we  wish 
to  measure  the  dimensions  of  the  rings,  and  the  results  thus  ob- 
tained have  an  exactness  equal  to  that  of  the  observations  them- 
lelves.  The  formula  which  expresses  them  shows  that  for  each 
crystal  the  sizes  of  the  rings  are  reciprocally  as  the  square  roots  of 
the  thickness  of  the  plates,  as  M.  Biot  has  ascertained.  For  erystab 
of  different  natures  this  size  ought  to  vary  reciprocally  as  the  square 
loots  of  the  intensity  of  action.  This  at  least  is  what  the  theory 
indicates,  which  served  to  explain  the  cause  of  these  rings  in  plates 
of  Iceland  spar.  This  theory  shows  us  that  rings  of  the  same  size 
ought  to  be  produced,  though  tiie  thickness  be  unequal,  in  all  the 
crystals  which  have  no  other  polarizing  force  but  that  which  pro- 
ceeds from  the  axis,  and  which  is  connected  with  double  refraction* 
This  reservation  is  indispensable ;  for  the  crystallized  masses  on 
which  we  operate  are  always  groupes  of  perfect  crystals,  exceed- 
ingly small,  agglutinated  together;  and  the  way  in  which  that 
jimction  operates  often  developes  polarizing  forces  independent  of 
ijieir  intimate  nature.  Thus  the  purest  pieces  of  sulphate  of  lime 
are  alwajrs  a  congeries  of  plates,  and  the  finest  crystals  of  beryl  are 
merely  assemblages  of  fine  needles  agglutinated  together.  Accord- 
ingly sulphate  of  lime  exercises  particular  polarizing  forces  in  the 
diiection  of  its  plates,  and  the  beryl  in  the  diiection  of  its  joints* 
These  crystals,  and  all  those  which  are  afiected  in  the  samie  way^ 
cannot  exhibit  the  phenomena  described  above  as  belonging  to  a 
pore  crystal ;  the  variations  of  the  polarizing  force  round  the  axis 
omg  sensibly  modified  by  the  forces  depending  on  the  structure^ 
which  become  comparable  to  it.  These  peculiarities,  which  vary 
without  any  law  from  one  crystal  to  another,  can  only  be  deduced 
finom  experiment^  and  never  can  be  arranged  under  any  theory* 

Vl  «  APPaoV£D   BY  THE   CLASS. 

Xefleciimg  CifL  n  M.  Gambey. 

This  circle  di  sets  from  that  of  Borda j  ani^ 

these  iifferenecB  mw,  <k  uo\.  fc«  fewxk  \b5»»^* 


802  Proceedings  of  Phitoiopliical  Societies,  'PiH 

veniciices.  But  tlic  pieces  of  which  Jt  ia  composed,  and  the  gra^ 
duation  in  parlicular,  appealed  carefully  made,  and  by  a  gooj  i 
method.  The  commission  was  of  opinion  that  M.  Gambej  had  not 
laboured  unsuccessfully  to  perfect  his  instrument,  and  that  his  znl 
was  deserving  of  encouragement. 

The  Cammissioners  were  MM.  Bouvard,  Burckardt,  and  de 
Rossel,  Reporter. 

Explanation  of  the  Operations  executed  in  the  Deparlmenis  ^ 
llie  Haul  el  Bas-Rkin,  to  serve  as  the  Basis  of  a  Map  of  Helvetia, 
and  to  the  Measure  of  the  Parallel  from  Strasiurg  to  Brest.  By 
M.  Henri,  Colonel  of  the  Royal  Cor|B  of  Geographical  Engineers. 

Tlie  work  of  M.Henri  contains  the  details  and  the  results  of  a 
great  geodesJcal  measurement,  made  hy  order  of  government,  and 
under  the  immediate  inspection  of  the  general  depot  of  war.  Thi» 
useful  and  line  establishment  has  long  possessed  numerous  material 
of  the  same  kind ;  but  the  long  and  minute  calculations  which  llrcy 
require,  the  desire  to  fill  up  some  gaps,  the  care  requisite  in  drawing 
and  engraving  the  maps,  some  considerations  respecting  the  public 
interest,  and  particularly  the  active  part  which  the  officers  of  the 
corps  of  Royal  Geographical  Engineers  were  obliged  to  take  in  the 
campaigns  of  our  ainiies,  have  hitherto  retarded  the  complete  pub- 
lication of  their  operalions. 

All  the  country  lying  between  the  Meuse  and  the  Rhine  » 
covered  with  triangles  connected  wiih  the  new  meridian  of  France, 
near  Dunkirk,  and  with  the  geodesical  operations  executed  in 
Holland,  hy  General  Krayenhoffi  (See  the  notice  for  1813.)  TliJJ 
undertaking  is  completed  by  the  observations  of  the  latitude,  and  of 
the  azimuth,  made  at  Aix-la-Chapelle.  It  would  give  an  arc-of  the 
meridian  from  Groningoen  to  Treves,  and  an  arc  of  the  parallel  of 
Dunkirk  to  Cologne,  if  ciicuni stances  hud  permitted  the  addilicn  of 
some  new  astronomical  determinations  to  those  already  made. 

The  Depot  of  War  possesses,  likewise  the  triangulation  of  Suabia 
.  and  Bavaria.  Ttiey  are  connected  with  each  other,  and  with  thost 
of  Bohemia,  Saltzburg,  and  the  archduchy  of  Austria,  executed  by 
Austrian  engineers.  A  great  base  lias  been  measured  in  the  neigh- 
bourhood of  Munich,  and  many  astronomical  observations  h<m 
been  made  in  that  capital  and  in  the  castle  of  Hohenstein. 

The  trigonometrical  network,  which  conipi'ehends  the  greatest  put 
of  Westphalia  and  of  Lower  Saxon3',  is  connected  with  the  geod^ 
sical  operations  of  Holland,  and  with  those  of  the  CopenLsgea 
Academy  in  the  kingdom  of  Denmark.  We  have  likewise  an  arc 
of  the  meridian  from  Cassel  to  Copenhagen,  and  an  arc  of  the 
parallel  of  Amsterdam.  It  is  only  wanted  that  astronomical  olwer- 
vations  be  made  in  sufficient  numlier  to  remove  all  doubts  respect- 
ing the  longitudes  and  latitudes  of  the  extreme  points. 

The  triangulation  of  the  island  of  Elba  is  connected  with  that 
which  was  executed  in  Corsica  and  on  the  coast  of  Tuscany  in 
1 789.     It  is  accompanied  with  astronomical  observations  made  at 
Porto  Ferrajo, 
Almost  the  whole  sutfaceof  LomWti^  a.x\4\?\t4a\tinN,a  covered  witb 
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m  triaogulatioD)  executed  with  repeating  circles,  and  whieb  extends 
ifom,  east  to.  west  in  Piedmpnt,  not  far  from  Little  Saint-Bernard. 
^13  grand  network  rests  upon  the  six  verefied  bases  of  Turin,  Milan, 
Padua,  Tagliamento,  Riniini,  and  Rome.  It  is  accompanied  by 
astronomical  observations  made  at  Milan,  Rimini,  Rome,  Venice^ 
and  St.  Salvador,  and  may  furnish  very  valuable  data  for  the 
-measure  of  an  arc  of  the  parallel  between  Turin  and  Fium^. 

The  triangulation  of  the  Appenines  from  Mondovi  to  Savona  is 
coonected  with  the  preceding.  That  of  Savoy  reposes  on  one  of  the 
^des  of  the  meridian  of  France,  by  means  of  a  provisional  network, 
which  goes  from  Mont-Blanc  to  Mont-d'or  in  Auvergne,  and  from 
diat  point  to  Bort  and  Hermont.  Astronomical  observations  have 
been  made  with  the  greatest  care  at  Clermont,  Geneva,  and  Lyons. 
It  will  be  very  curious  to  compare  the  longitude  of  the  first  of  these 
towns  with  that  of  d'Evaux,  which  was  determined  by  one  of  us. 

The  trigonometrical  network  destined  to  connect  Mont-Blanc 
with  the  new  meridian  of  France,  to  assign  correctly  the  geogra* 
phical  position  of  this  highest  summit,  of  the  Alps,  is  in  a  great 
measure  completed.  Finally,  there  is  a  project  of  uniting  Brest  to 
Strasburg,  by  a  chain  of  well-arranged  triangles,  leaning,  on  the 
one  hand,  on  the  base  measured  near  Colmar  with  platinum  rods, 
and  on  the  other  on  a  similar  base  which  it  is  proposed  ^o  measure 
near  Brest. 

If  to  these  details  we  add  that  the  construction  of  the  maps  has 
occasioned  very  interesting  researches  in  the  depot  itself;  that  the 
Opmerous  mensurations  of  which  we  have  spoken  were  made  by 
dulful  engineers,  furnished  with  excellent  instruments ;  that  the 
observations  have  been  calculated  according  to  the  most  accurate 
fordiula,  and  that  all  the  minutite  have  been  attended  to  with  as 
lUuch  care  as  if  the  special  object  of  the  operations  had  been  to 
determine  the  figure  of  the  globe,  we  cannot  avoid  perceiving  that 
this  undertaking,  executed  by  the  royal  corps  of  Geometrical 
EkigineerS)  will  form  from  its  extent  and  accuracy,  when  some  gaps 
which  we  have  pointed  out  are  filled  up,  one  of  the  finest  monu-» 
meDts  that  has  ever  been  raised  to  the  sciences,  and  particularly  to 
geography. 

The  work,  which  Colonel  Henri  has  already  completed,  contains 
ill  the  details  that  can  be  desired  respecting  the  operations,  mensu- 
rations, and  calculations ;  and  gives  the  longitudes,  latitudes,  and 
heights,  above  the  level  of  the  sea  of  each  of  the  stations. 

The  base  of  Eusisheim,  on  which  this  part  of  the  operations 
reposes,  was  measured  by  means  of  three  of  the  platinum  rods, 
imich  were  employed  at  the  bases  of  Melun  and  Perpignan,  with 
the  same  attention  and  the  same  success.  The  length  at  the  tem- 
perature of  13®  of  Reaumur  (Gl^^J-  Fahrenlrcit)  is  9771*2056  toises 
oC  Feru.  .  It  is  connected  with  ia  base  of  77"^^'^^  toises  measured 
near  Darmstadt,  by  M.  M.  .|  and^  Schleyermacher.    The 

agreement  )>etween  the  calcij^  the  measurement  is  0*2S 

metre,  the  same  sensibly  as  tha  '  Melun  and  Perpi^- 
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Dan,  whicb  are  connected  togetlier  by  64  triangles.  The 
Bavaria  deduced  equally  troiu  that  orEiisisheim,  by  a  series  of  U 
Uiauglc!,  exceed*  the  hase  mcnsuied  ouly  0'14  metre.  This  a^na 
nearly  with  the  Eugli^h  bases,  which  ore  not  separated  by  sogreala 
number  of  triangles. 

The  meim  of  the  two  nieasuiemenl.^,  wliich  M.  Trallcs  has  auit 
of  the  marshes  of  Arberg,  is  smaller  liy  1*34  metre  than  would  Ik 
deduced  from  the  base  of  Knsisheim. 

Finally,  M.  Henri  lias  joined  liis  base  to  that  of  Melon  by  i 
aeries  of  75  triangles,  some  uf  whicb  have  been  measured  by  hifludf 
or  by  M.  Tianchot,  and  the  rest  by  General  KrayenhoflF,  and  the 
Jaat  belong  to  the  meridian  of  France.  Notwithstanding  this  gr«  i 
(^four,  and  the  numbers  of  triangles,  measured  by  fourobserverscup- 
plied  with  diHerent  kinds  of  instrumeuis,  the  deviation  is  only  I'M 
metre  ;  as  for  the  base  of  M.  Trallcs,  the  perpendicular  proposed  la 
be  drawn  from  Brest  to  Strasburg  will  furnish  a  more  direct  compt 
ilson.  But  we  see  already  lliat  the  baseof  Knsisheim  has  been  dch!(- 
inined  with  all  the  exactness  which  could  be  expected,  either  itm 
the  Gklll  of  the  observer,  or  the  means  that  lie  liad  in  his  pow«r. 

The  operation  of  M.  Henri,  compared  with  that  of  Peru,  gim 
^^  for  the  dilference  between  the  two  diameters  of  the  earth.  It 
would  be  -f^  if  we  compared  it  witii  that  of  Lapland.  Tlie  nieui 
y^  differs  very  little  from  the  number  usually  adopted. 

if  we  suppose  the  diminution  of  the  polar  axis  -y^  and  ibe 
height  of  the  pole  at  Strasburg  perfectly  determined,  thai  of  Bnn 
will  be  too  great  by  3",  and  that  of  Lichlenburg  too  little  by  3-19". 
But  these  errors  would  be  reduced  to  one  half  by  supposing  an  error 
of  1*5"  in  the  latitude  of  Strasburg. 

The  observations  of  tJic  azimuth  have  littewise  all  the  precision 
possible  and  desirable,  and  the  commission  concludes  ilmt  the 
operation  of  Colonel  Henri  is  very  worthy  of  the  approbation  of  the 
Class.  The  commissioners  were  MM.  Dalambre  and  Aiag^ 
reporter. 


Article  XIV. 


I.  Lectures.  \ 

The  following  arrangements  have  been  made  for  Lectures  at  die 
Surrey  Institution  during  the  ensuing  season  : — 

1.  On  Chemistry,  by  John  Murray,  Esq.  To  commence  oo 
Tuesday,  Nov.  12,  at  seven  o'clock  in  the  evening  precisely,  aii 
to  l)C  continued  on  each  succeedingTuesday. 

2.  On  Aerostation,  hy  John  Sadler,  Esq.  To  he  delivered  M 
Friday  evenings,  Nov.  15  and  22,  at  the  same  hour. 
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S.  Qn.tbe  Principles  and  Practical  Application  of  Perspective^  by 
John  Creorge  Wood,  Esq.  To  commence  on  Friday,  Nov,  21>, 
wd  to  be  continued  on  each  succeeding  Friday  at  the  same  hour. 

4.  On  Astronomy^  by  John  Millingtony  Esq.  Civil  Engineer, 
To  com p^ence  in  January,  1817* 

5.  On  Music,  by  W.  Crotcli,  Mus.  D.  Professor  of  Music  in 
the  University  of  Oxford.    To  commence  in  February,  I8I7. 

II.  New  Method  of  dissecting  the  Brain.  . 

The  Editor  has  been  requested  to  insert  the  following  notice  in 
the  present  number  of  the  Annals : — 

During  last  month  Dr.  Spurzheim  made  a  very  splendid  display 
of  the  structure  of  the  brain,  in  the  new  mode  of  dissecting  it, 
before  a  scientific  class  of  surgeons,  and  other  Professors,  at  Edin- 
burgh, and  has  received  the  approbation  of  various  persons  of  emi- 
nence in  the  science  of  anatomy.  The  novelty  of  the  subject  excited 
much  interest,  and  he  had  a  crowded  audience  to  his  lecture. 

III.  On  Sir  H.  Davifs  Safety  Lamp* 

(To  Dr.  Thomson.) 
SIR, 

Finding  k  stated  by  a  Correspondent  in  the  last  number  of  your 
jdnnals  that  Sir  H.  Davy  has  never  been  able  to  account  for  the 
security  aflbrded  against  the  passage  of  flame  by  his  wire-gauze 
fence,  U  is  with  some  diiBdence  that  I  propose  the  following  CTcpIa* 
nttioD,  which  appears  so  simple  and  obvious  that  I  can  hardly 
imagine  that  it  would  have  escaped  the  notice  of  so  distinguished  a 
Aemist  had  there  not  been  some  objection  to  it  wiiich  I  do  not  at 
present  perceive. 

It  is  evident  that  the  rapidity  with  which  a  given  volume  of  gas 
^  a  state  of  inflammation,  or  otherwise)  is  cooled  down  to  the 
^mpemture  of  the  surrounding  atmosphere  will  be  in  direct  pro- 
portion to  the  surface  exposed,  and  that  in  the  transmission  of  air 
Umxigh  a  porous  body,  the  quantity  of  surface  will  increase  with  the 
Kliunber  of  apertures  through  which  it  b  made  to  pass. 

Thus  if  a  lamp  surrounded  with  wire-gauze  is  fed  with  an  atmo- 
sphere containing  a  large  proportion  of  carbureted  hydrogen,  the 
latter  gas,  on  coming  in  contact  with  the  lamp,  will  inflame,  and 
Jie  expansion  thus  occasioned  force  a  considerable  portion  of  it  in  a 
state  of  combustion  through  the  apertures  of  the  wire-gauze,  into 
he  external  atmosphere,  as  if  nothing  intervened. 

In  passing  through  these  apertures,  hov/cver,  the  gas  is  divided 
uto  so  many  minute  jets,  and  so  large  a  surface  is,  therefore,  ex- 
XMed  to  the  external  air,  that  it  ha%  it>  temperature  considerably 
ioweeed,  and  is  thus  unable  to  comrr  'inicate  to  any  given  portion 
if  the  extenial  atmosphere  b  ^ieut  to  excite  combu^t'on. 

I  sciioely  need  remind  yio>  '^f  a  similar  fact  has  been. 

sbsenred  by  Dr.  Wollasloil  1  41M  wire,  whieh  it' 

You  vm.  X^'IV. 
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becomes  more  difBeuIt  to  ignite  when  .j-ji^tlian  when  ■oV?'''*''! 
Inch  in  ihickness,  the  extent  of  surface  by  which  it  is  cooled  tut 
diminishing  in  the  same  rntio  with  ilie  diameter,  ard  the  radiatioi 
of  heat  Irom  thence  going  on  in  consequence  too  rapidly  to  admit 
of  a  sufficii^nt  aceumulatiun  of  caloric  through  the  mass,  to  niR 
its  temperature  to  the  necessary  point. 

^ag.  9,  1S16.  PhILO-CHEMICCS   OxONIENSIS. 

IV.  OlservfitioT:s  on  Mr.  Holmes's  Letter  puhlUhed  in  the 
Annuls  of  Philosophy,  vol.  viii.  p.  130.    ByMr.Koight. 

(To  Dr.  Thomson.) 
SIR, 

It  is  not  without  feelings  of  regret  that  I  read  a  letter  publislied  in 
your  Annah  uf  Philosophy  by  Mr.  Holmes. 

You  will  oblige  me  by  inserting  in  your  next  Number  the  follow- 
ing endeavour  to  do  awHy  with  any  im])ression  which  that  letter  hu 
made  unfavourable  to  the  credit  of  the  £siablishiuent  with  wbichl 
am  connected. 

Mr,  Holmes  speaks  of  a  visit  to  the  Gas  Works  in  Dorset- street, 
for  the  purpose  of  trying  experiments  on  Sir  H.  Davy's  safely  laiQps, 
and  mentions  persons  who  were  present  at  the  trials;  docs  be 
publish  their  names  to  attach  importance  to  his  libertdinvestiga- 
tion  ?  If  he  does,  ii  is  fiiir  to  ask  what  credit  his  experiments  delire 
from  the  presence  of  Mr.  Wheateroft,  who  is  employed  there  to  nj 
the  workmen.  Mr.  Morris,  who  superintends  the  works  by  nigh^ 
sod  Mr.  May,  whom  1  never  heard  of  before,  obtain  importance  anil 
publicity  in  Mr.  Holmes'  letter.  How  Mr.  Holmes  had  access  to 
the  works  I  know  not;  neither  myself  nor  any  other  proprietor  would 
knowingly  lend  ourselves  or  the  establishment  to  experiments  cot 
openly  conducted.  Whenever  gentlemen,  who  are  men  of  scieocf, 
have  wished  to  visit  the  works,  an  application  has  been  usually 
made  to  me  as  engineer,  and  1  have  always  been  ready  to  afibrd  I 
free  inspection,  and  give  every  facility  to  eaperiments ;  but  in  tbit 
instance  I  never  beard  of  Mr,  Holmes  or  his  visit  till  I  saw  his  ovn 
report  in  your  Annals,  and  that  only  yesterday,  when  yow  last  i 
number  was  put  into  my  hands.  As  the  active  partner  and  manager  | 
of  tbe  establishment,  and  leaving  my  name  and  credit  more  imme- 
diately connected  with  the  works  than  any  other  proprietor,  I  feel  I 
myself  called  on  to  disclaim  participation  in  any  of  the  expert menti ' 
conducted  there  by  M,  Holmes,  with  results  so  opposite  to  those  of  I 
other  persons,  who  with  liberal  motives  have  felt  anxious  to  prove  ] 
the  security  which  Sir  H.  Davy's  discovery  piomises,  and  wliB  the 
benevolent  hope  of  its  application  to  the  safety  of  the  membeis  of  I 
■o  valuable  a  class  of  society. 

After  what  1  have  seen  and  heard  of  Sir  H.  Davy's  lamps,  my 
conviction  of  their  security  is  not  shaken  by  Mr,  Holmes'  report, 
which  looks  more  like  an  endeavour  to  serve  his  friend  Dr.  CIsuDf 
than  the  public.  Any  means  which  our  works  in  Dorset-sireettao 
tObrd  to  seienlificandVibeTaXmeniot  Ivwesti^ting  further  the  appli- 
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cation  of  Sir  H.  Davy's,  or  any  other  discovery,  will  be  granted  with 
-'  '  pleasurie  by. 

Sir,  your  obedient  humble  servant, 

m^  Go*  FTorj,,  mT^t^tT,ti,  Wm.  Knight,  Engineer. 

Au^,  20,  1816,  '         ® 

V.  Qiuaniiiy  of  Rain  which  fell  during  seven  Months,  18 J  6,  at 

Carleth,  in  Stirlingshire. 

The  rain-guage  is  made  by  Crichton,  and  is  at  an  elevation  of 
about  490  feet  above  the  level  of  the  sea : — 

fc.  January     3*8«5 

February 3'259 

March 2'807 

April 1-673 

May 3-442 

June 2750 

July  4-618 


>m 


Total 22-418 

At  this  place,  on  Sunday,  July  21,  there  fell  in  25  minutes, 
from  five  minutes  before,  till  20  minutes  past,  2,  P.  M.  0-710. 
Barometer,  at  beginning,  28-81.  End,  28-89.  Thermometer,  68^. 
End,  66^ 

■'  VI.  Method  of  separating  Tantalum  Jrom  Silica. 

(To  Dr.  Thomson.) 
SIR, 

«    If  you  will  state  in  your  next  number  of  the  Annals  how  it  is  pos* 
sible  to  separate  oxide  of  tantalum  from  silex,  both  befng  in  a  state 
of  alkaline  solution,  you  will  much  oblige  your  constant  reader, 
Sept.  «,  1816,  D.  D. 

•  I  have  never  had  an  opportunity  of  making  any  experiments,  on 
this  scarce  metal.  From  Berzelius'  experiments,  published  in  the 
fourth  volume  of  the  Afhandlingar,  from  which  my  account  of  tan- 
talum in  the  last  number  of  the  Annals  of  Philosophy  was  taken,  it 
af^iears  that  its  oxide  is  precipitated  white  by  muriatic  acid  from  its 
eombination  with  potash.  This  property  will  probably  furnish  an 
easy  method  of  separating  oxide  of  tantalum  from  silica  when  both 
are  held  in  solution  by  means  of  potash.  Add  to  the  solution 
muriatic  acid.  Filter  to  remove  the  oxide  of  tantalum  ;  then  eva- 
porate to  dryness,  in  order  to  obtain  t(ie  silica  in  the  usual  way. — T« 

VII.  On  the  Demonstration  that  no  Part  of  the  Circle  isaJStraight 

Line, 

(To  Dr.  Thomson.) 
DEAR  SIR, 

I  perceived  in  your  Annals  m  »nious  attempt  to  demon- 

diat  no  part  of  a  circle  ia.f  Now^  Sir,  although 


/ 


A    D 


L 
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the  attempt  deserves  the  highest  praise  for  its  ingenuity,  I  am  neter- 
tlieltss  humbly  of  (yinion  that  lUe  conclusions  drawn  are  by  no 
means  satisfactory.  In  the  arc  of  a  circle,  the  author  takes  a  smill 
part  which  he  supposes  to  be  a  sirnight  lioe.  But  if,  saya  he,  Ihia 
part  of  it  is  a  straight  line,  then  another  part  (C  B),  which  is  equal 
to  it,  must  also  be  a  straight  lioe.  And,  for  the  same  reason,  tbe 
part  including  the  point  where  these  two  lines  are  joined  must  like- 
wise be  a  straii;lit  line,  and  therefore  the  whole  must  be  a  straight 
line.  Now  this  is  just  asserting  that  if  the  parts  of  a  circle  w 
composed  of  straight  lines,  the  circle  must  be  a  straight  line  itsel£ 
By  the  same  way  of  reasoning,  we  might  assert  that,  because  a 
square  is  not  a  straight  line,  therefore  no  part  of  it  can  be  a  slriughl 
line,  viz. : — Of  a  part,  A  B,  of  a  square, 
take  a  portion,  B  E,  which  suppose  lo  be  a 
straight  line.  But  if  B  £  is  a  straigiit  line, 
A  Et  which  is  equal  to  it,  will  also  he  a 
straight  line.  For  the  same  reason,  C  D, 
which  includes  the  point  in  which  A  E  and 
B  E  are  joined,  must  likewise  be  a  straight 
line ;  and  therefore  the  whole  part,  A  B,  is 
A  straight  lioe,  which  is  evidently  al>surd. 
This  is  precisely  the  train  of  reasoning  fol- 
lowed by  your  Correspondent,  which  would  lead  us,  in  this  case,  t« 
infer  that,  because  a  square  is  not  a  straight  line,  therefore  no  psrt 
of  it  can  be  one ;  a  conclusion  so  absurd  that  few  will  be  dispneil 
to  adopt  it. 

Should  you  think  this  observation  worthy  of  a  place  in  your  wotli 
■you  will  highly  oblige. 

Sir,  yours  truly, 

Gtasgov,  July  27,  1816,  K 

Tltl.   Answer  to  Mr.  Lockharfs  Observations.    By  Mr.  Hem? 
Atkinson. 

(To  Dr.  Thameon.) 

srR, 
When  your  correspondent,  Mr.  Lockhart,  first  published  thatlit 
had  diseoTered  a  new  cube  root  of  61,  I  took  it  for  granted  that  he 
expected  and  wished  to  have  the  subject  freely  and  fairly  disnissed. 
Among  others,  I  examined  it,  and  pointed  out  a  part  of  his  iareti- 
gation,  where  I  thought  he  had  overlooked  an  ambiguity  in  the  sign 

of  the  quantity  (('  —  -3- J.     The  equation  which  he  first  used i|iu 

one  that  could  be  reduced  hy  Cardan's  rule,  and  I  corrected  hi* 
formulae  for  such  equaiions.  But,  instead  of  meeting  my  objection* 
fairly,  he  entirely  evaded  ihem,  by  bringing  forward  quite  a  differeni 
equation,  one  belonging  to  the  irreducible  case.  I  then  pointed  out 
'fte'diatinction  between  the  formula bcloeging' to  the redttoiHt^ 
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irreducible  canoes ;  ipd  also  attempted  to  show  why  this  distinction  * 
Aoald  bemade;  but  in  this  latter  part  I  ftiled,  from  considering. 

4]^  quantity  (^^  —  -j-j   as  a  negative  quantitj^  in  reducible  eqw- 

tions ;  whereas  the  fact  is'^  that  it  is  only  that  pari  of  it  which  is  not 
ioiaginary  that  is  negative.  This  mistake  Mr.  Lockhart  has  hid: 
hold  of  with  avidity,  and  seems  to  infer  that,  because  I  have  made 
ope.  unfounded  assertion,^ all  that  I  have  advanced  must  be  {e^ls^; 
while  all  that  he  has  advanced  must  be  true ;  for  if  this  be  nOt  the 

3*  )ference  which  he  wishes  to  be  drawn  from  the  exposure  of  my 
ttor,  he  has  again  evaded  the  main  point;  as  he  has  hot  assignea 

«yw  no  much  as  the.  shadow  of  a  reason  why  be  takes  (^^  <—  —  j  ia 
(reference  to  (—  —  /*)  as  the  square  root  of  the  quantity  (—  — ^ 

^^  +  t^) ;  and  yet  this  blinds  and  even  improper,  preference  fa 

the  onfy  thing  on  which  his  new  cube  root  of  64  depends  for  iti 
esiitCQc^,  as  will  appear  from  the  following  general  investigation. 

In  equations  of  the  form  jc*  —  i  a?  =  c,  the  roots  of  which  are 
i^resented  by  x,  —  /,  and  —  v,  it  is  well  known  that  oj  =  (/  -j-  v)m 
i  :=i  {t  X  -^  vx  ^  i  v)j  and  c  ^  t  vx.  It  is  also  well  known  that 
If  the  equation  be  reducible^  the  two  roots  —  i  and  —  v  must  be  of 

Ac  form  —  m  —  V  —  n  and  —  m  +  \/  —  w.     Now  let  m  and 

n  be  such  quantities  that  t  =  m  +  \/  —  n  and  v  =  m  —  ^  —  ^» 
then  toU  a;  =:  2  jw,  i  =  (3  m*  —  n),  and  c  =s  (2  m'  +  2  m  n. 

Hence  the  equation  ±  (i*  -  |-  x  ±  -/  (^  -  -j-)  =  ±  V 
{±  -  ^)*  will  become  ±  (~  |!1  +  2 «i  Z"^)  x  ±  v'  (- 

or  which  is  the  same  ±  (—  ^  +  2i»  V^  —  71)  x  ±  i/(  (,L,  ^ 

on  4n'/  ^*  f  81/ 

X  3  n).    And  by  extracting  the  square  root  we  have  ±  (-^  £!!  + 

•  For  the  method  of  finding  this  equation,  see  Mr.  Lockhart's  letter  of  May  9, 
1815.     I  have  here  sapplied  the  double  si^y  for  the  purpose  of  iDvestigat{|H(  what 

the  sign  of  (p --)    onght  to  be ;  for  it  is  well  known  that  any  one  of  the 

three  quantities  to  which  the  sign  1  is  prefixed ,  when  taken  singly ,  may  jbeeithto 
•h  or  —  ;  and  therefore  the  sign  which  ought  to  be  prefixed  to  the  qaantity  {p  — 

h  \ 

fig^A  po  janly  be  Mem  iMcf iv  Us  canaexi^a  witli  tbf  atticr 
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(m*  +  4-)  X  ±  V'aw.  Now  if  we  multiply  the  two  quantities^ 
±  (—  —  +  2  w  /  —  «)  and  ±  (^  +.  ^  V  —  w)  togeOicr, 
the  equation  will  become  —  (m*  +  — )  x  ±  V^  3  n  =s  ±  («' 
+  —\   X  ±  V^  3  71^  an  identical  equation,  as  it  ought  to bC;  if 

the  under  sign  of  the  quantity  (m^  +  ^  j  on  the  right  band  side  o^ 

the  equation  be  used;  but  if  the  upper  sign  be  used,  the  equatipoif    j 
evidently  false,  whenever  n  has  auy  value ;  and  consequently  the    I 

equaUon  ±  (/»  -  4.)  X  ±  V  (-^  -  ^)  =  ±  ^  (^  -  j), 

from  which  it  is  derived,  is  likewise  false,  if  the  upper  sign  on  tbe 

right  hand  side  be  used:  so  that  ±  (/*  —  —\  X  ±  \/  (-r —  y) 

can  only  be  equal  to  —  >/  ^^u-  _jj  and  hP  (^  ""  "3^)    ^    - 

\/  /-^ J  J  can  only  be  equal  to  +  V  ^-^j —  j:  frcmwhicbi 

by  proceeding  as  Mr,  Lockhart  has  done,*  we  obtain  —  -L  +  v^ 

(f  -  t) = ,^{i  -  ^^  (-f  -  m ""  -  T  -  ^'(f  - 

_  j   =   ^    f -|-  +    \/  r  .i ii  j  j :  which  are  the  very  same 

roots  as  were  given  in  my  letter  of  Aug.  12, 1815,  for  the  reduG^ 
case. 

But  if  the  equation  belong  to  the  irreducible  case,  it  is  well 

'  known  that  /  =  m+  Vtz,  v  =  m—  Vtz,  and  x^  2m.  Hence 

i  =s  (3  m*  +  7/),  and  c  =  (2  w'  —  2  m  72),  and  consequently,  by 

sabstltution,  the  equation  ±  (/*  —  4-)  x  ±  a/  (-^  ""  t)  * 
^  ^  (t — i?)  ^'^'  become  ±  T-^  -h27»v'7i)x±V 

(t;?-  -  11;  ^  «  +  ^)  ^  =^  ^^^^=  ±  ^/  («*  -  !|! 

+  -|j-J  X  +  V'  "-  3  72,  and  by  extracting  the  square  root  we 
havc±  fi!!+2w//7i)x+  (i>v/7i-4.)x+  V^"^ 
«e  ±  (m«  -  i j    X   ±  V  ^  t  n  •    Now  let  the  twoquand- 

•  See  bis  \eUet  ot  ^^t^  ^^  \%V&i. 
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tics  ±  ^^  +  2  m  V"  w)  and  +  ^^  ^/^  n  -  ^)  be  multiplied  to- 

'jether,  and  the  equation  will   become  +   (m*  —  —J     X    ± 

l/—  3  w  =  +  (w*  —  — )  X  ±  /  —  3  n J  which  is  an 
identical  equation^  as  it  ought  to  be.  But  had  we  taken  the  other 
nwt  of  the  quantity  (jpL  ^  ^  ^/  71  +  ^V)*  v5«-  -  f  —  \/  n 
—  ^),  and  then  proceeded  as  before,  we  should  have  obtained  thif 
e^uatiooy  ▼iz.  q:  (w«  —  JL)    k  ±  V^  —  3  7i  »  +  (w*  —  —  \ 

X  +  i/  —  3  w,  which  is  evidently  false,  whenever  n  has  any 
ndae:  consequently  ±  (/*  —  --)   x  +-v/(-^—  -^^  =  ±4/ 

i-T-  —  — j  would  be  false  if  the  quantity  \/  (—  -^  — )  had  the 
Mffitive  sign  before  It,  but  is  true  as  it  stands.  And  by  proceeding 
with  this  as  before,  we  obtain g"  +  '^  (v  "^  x)  ^  ^  ("i* 

^■/  (t-S)  «"^  -  V-  ''(t-t)- V  (i-<^ 

w 27))  •  ^^^'^'^  ^'^  ^'^^  '^'"^  '"^^^  ^  ^  S*^^  '^^^  ^^  irreducible 

case  in  the-letter  above  referred  to* 

Andy  in  a  similar  manner,  may  the  roots  connected  with  x  and  v 
be  found  to  be  the  same  as  were  given  in  the  same  letter^ 

From  the  above  investigation,  it  appears  that  Mr.  Lockhart'9 
brmula  connected  with  /  is  correct,  when  applied  to  irreducible ^ 
Oquations,  as  1  formerly  observed;  but  incorrect  when  applied  to 
reducible  ones.  It  likewise  appears  that  what  he  imagined  to  be  1^ 
nibe  root  of  64  is  in  reality  a  cube  root  of  8, 
.  I  hope.  Sir,  that  your  Correspondent  will  now  be  convinced  that 
[  have  proved  something,  viz.  that  he  was  mistaken  when  he 
isserted  that  he  had  discovered  a  fourth  cube  root  of  64*  But 
ibould  it  be  found  that  1  have  again  committed  some  error^  an4 
liave  really  proved  nothing,  this  can  never  avail  him  any  thing ;  for 
it  will  still  be  necessary  for  him  to  assign  lome  good  reason  why  he 

1)88  taken  (/*-*-  ^j  in  preference  to  f~  -<>   t^)  as  the  square 

cool  of  the  quantity  f -^  —  ?4^  +  ^);  and  till  this  be  done, 

irhich  I  believe  will  not  be  soon,  there  cannot  be  even  the  shadow 
of  a  proof  that  he  is  right.    He  will  also  hi  ^viu/hy  he  hai 

taken    (-3-  —  v*)  in  preference  to  (v*."".:ij  "^re  root  of 


The  quantiijr  (^—  ■ 


Scientijie  Inie 


;  which  lie  must  Tiave  done, 


» 


I 


Qfder  to  oUtain  his  formula  connected  with  v.  He  m\\  liken -,« 
have  to  show  how  he  reconciles  these  two  operations  with  one  9 
Other.  Nay,  he  will  have  even  more  than  all  this  to  do;  he  wi.i 
have  10  show  that  simple  equations  admit  of  more  roots  than  wie: 
for  if  it  be  admitted  that  simple  equations  have  only  one  root,  it  hu 
been  demomtrated  *  that  every  equation  must  have  just  as  many 
roots  as  it  has  dimensions,  and  no  more.  And  should  he  still  he  in- 
clined to  hold  his  opinion,  new  or  old  it  matters  not,  that  "  the 
number  of  cube  roots  belongiiij;  to  numerical  quantities  is  infinite," 
it  will  be  necessary  for  him  to  paint  out  other  roots  of  the  quaallly 

y"  {3G  ±  i/  7l^4)  besides  the  six  which  1  have  exhibiied,t  aad 
whith  it  ought  to  have,  according  to  the  commonly  receivetl 
opinion.  If  ilie  oumher  of  roots  be  really  infinite,  he  certainlycsD 
have  no  difficulty  in  finding  other  six  or  seven. 

I  cansot  conceive.  Sir,  how  Mr.  Lockhart  could  suppose  it  tx^ 
sible  for  me,  or  any  person  else,  to  dismiss  imaginary  quaotillei 
ftota  the  question,  when  the  question  itself  was  aboili  imagitiirj 
quantities,  viit.  the  imaginary  cube  roots  of  numerical  quantides: 
and  if  he  could  not  suppose  it  possible,  for  what  purpose  could  he 
introduce  the  following  sentence  into  his  last  letter : — "  Much  less 
has  he  dismissed  from  the  question  those  imaginary  quantities  whicli 
perplex  Ibc  science  of  algebra,  and  which  on  that  account  \  much 
wish  discnrdcd  from  it  for  ever."  If  Mr.  Lockhart  ascribes  anj 
part  of  the  perplexity  which  has  taken  place  in  the  present  disCHs- 
sioo,  to  imaginary  quantities,  he  certainly  docs  them  injustice;  ftir 
it  is  manifest  that  whatever  perpleshy  may  have  arisen,  in  this  case 
ias  been  solely  occasioned  by  the  ambiguity  in  the  sign  of  the 
square  root  of  a  quantity  ;  and  surely  he  would  not  wish  to  disrtrd 
the  sign  ±  from  the  science  of  algebra.  Besides,  as  several  veij 
furious  and  useful  theorems  have  been  discovered  by  the  use  rf 
imaginary  quantities,  which  probi'.bly  would  not  yet  have  lieen  dis- 
covered, had  they  never  been  used,  I  should  suppose  it  wuultl  even 
be  prudent  to  retain  them,  as  instruments  of  investigation  at  leas^ 
if  not  of  demonstration :  and  I  am  the  more  inclined  10  iliii 
opinion,  as  1  have  yet  to  learn  that  they  necessarily  lead  to  a  felse 
result,  in  any  one  instance,  when  legitimately  applied. 

With  respect  to  the  mistake  which  i  made  in  my  last  letter,  to 

•tMing  that  {/*  —  -^j  is  negative  in  reducible  equations,  T  bellew 

it  will  not  be  necessary  for  me  to  mjike  any  apology :  being  cof!; 
Vinced  tlwl  not  one  of  your  readers  would  ever  suppose  that  it  W*S 
done  knowingly  and  intentionally  ;  and  that  they  will,  wtthoii^vy 
teltiog  them  soj  believe  that  1  am  very  sorry  for  it,    1  V^tfc 
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erha[is^  have  kept  it  more  in  the  back  grocmd ;  but  I  have  always 
sidered  it  as  the  most  honourable  way  to  acknowledge  my  mis- 
r.  Its  at  once,  without  attempting  to  make  any  paltry  excuse. 
'  rii-  Yours,  &c, 

^^if€WcastU,  Jug.  21,  1816.  HSNRT  AtKINSON. 

\  IX.  New  Metals  from  Barytes,  StroTitian,  &c. 

The  following  are  extracts  of  two  letters  which  I  have  received 
fioin  Dr.  Clarke,  of  Cambridge : — 

(To  Dr.  Thomson.) 
DEAR  SIR,  Camhridge,  4ug.  23,  18I(L 

.  If  Dr.  Wollaston  have  not  yet  left  London  for  the  Continent,  he 
will  probably  have  informed  you  of  some  remarkable  results  which  I 
have  lately  obtained  by  burning  a  highly  condensed  mixture  of  the 
gaseous  constituents  of  water.  Lest,  however,  this  should  be  the 
case,  I  beg  to  state,  as  briefly  as  possible,  that  I  have  succeeded  ik 
fusing  all  substances  hitherto  described  as  infiisible. 

Having  obtained  larytes  m  the  metallic  stafe,  without  the  aid  of 
anv  electtical  agent,  I  this  day  repeated  the  whole  experiment,  and 
cxhi^it^d  the  new  metal,  in  the  presence  of  our  Professor  of  Ch^ 
H^stry,  and  the  Rev«  Mr.  Holmes,  and  the  Rev.  Mr.  Hughes,  and 
oihex  Members  of  this  University.  It  is  somewhat  ductile^  for  it 
admits  of  being  filed.  Its  lustre  is  as  great  as  that  of  silver,  and 
the  purest  specimens  of  it  resemble  silver  in  colour.  It  does  not 
immediately  become  oxided  by  exposure  to  the  atmosphere.  One 
sci^nen  has  retained  its  lu^re  during  three  days  and  nights;  but 

lis  doe^  not  always  happen.  I  have  ventured  to  name  this  new; 
ifkttfiX^plutonium,  because  we  owe  it  entirely  to  the  dominion  ojjire^ 
becnuse  nothing  can  be  more  absurd  than  to  name  a  metal  from  anjr 
derivative  of  ^cv^,  whose  specific  gravity  is  inferior  to  that  oimoLOf* 
gmese  or  molybdenum. 

I  have  the  honour  to  be,  dear  Sir,  yours  faithfully, 

E.  D.  Plarkjb. 

.  Tbwre  also  obtained  strontum  in  the  metallic  state,  and  am  now 
proceeding  with  the  other  earths. 

ijo  Dr.  Thonuon.) 
DEAR  SIR,  CcdnMdge^  Sept,  9,  l&HS. 

I  forwarded  a  letter  to  you,  which  1  hop6  you  received  safe,  ft 
was  to  inform  you  that  I  had  obtained  metals  from  larytes  and 
iftrorUian  by  mixing  these  earths,  in  a  pure  state,  with  lamp  oil,  atid 
then  exposing  them  to  the  heat  of  an  ignited  gaseous  mixture  of  the 
oobstituents  of  water ;  two  parts  of  hydrogen  gais,  by  bulk,  bein]^ 
JBUxed  with  one  part  of  oxygen  gas.  1  have  since  obtained  a  metiS 
irom  sUex.  If  I  should  obtain  further  results  worthy  of  being  cotti^ 
Sponicated  to  you,  I  will  send  you  the  earliest  information,      -  ' '' 

I  remain,  dear  Sir^  yours  feithfuUy, 
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X,  Piano- cyUndrical  Glasses. 
I  am  indebted  lo  an  eminent  optician  for  the  folIowiriL 
communication  relative  to  tiiis  subject,  which  has  attracted 
attention  ia  llie  preceding  nnmbers  of  the  Annals  of  P/iilosuphy  ;— 
(To  Dr.  Thomson.) 

When  the  accouot  of  the  double  piano-cylindrical  lenses 
first  published  in  this  country,  f  set  myself  to  inquire  into  iheir  prtK 
pertids,  in  order  to  find,  if  possible,  something  that  might  justiiy 
the  expectatioii  held  out  by  the  French  inventor,  of  the  advantaget 
to  be  obtained  by  using  tbese  lenses  in  optical  instruments.  The 
result  of  my  inquiry  not  lieing  favourable  to  them,  I  thought  no 
more  of  them  till  J  read  a  letter  in  the  PkUosopkkal  Aiinals  for 
June  last,  in  which  sotne  queries  are  proposed  concerning  them; 
this  induced  me  to  take  the  liberty  of  sending  you  the  followinffi 
investigation.  I  would  have  done  it  sooner,  if  I  had  not  waited  till 
an  opportunity  offered  of  executing  one  of  the  lenses  Jo  such  i 
manner  as  lo  enable  me  to  judge  practically  of  its  effect. 

If  sections  are  made  of  a  common  spherical  lens  in  planes  passiog 
tbrough  the  axis,  all  those  sections  are  bounded  by  like  cireutu 
arcs ;  and  all  raj's  of  homogeneous  light,  incident  upon  the  lens  in 
thiise  planet,  and  in  directions  parallel  to,  and  equidistant  from,  the 
axis,  are  caused,  by  the  refractive  power  of  the  glass,  to  unite  in 
one  point  in  the  axis ;  the  diiference  between  the  place  of  union  of 
the  central  rays,  an'd  of  those  incident  near  the  margin,  being  the 
aberration  caused  by  the  spherical  form  of  the  lens.  Now,  if  ont 
of  the  double  piano-cylindrical  lenses  be  cut  in  a  similar  maDoer, 
by  planes  passing  through  the  asis,  each  section,  except  two,  vill 
be  bounded  on  both  sides  by  curve  lines,  which  are  portions  of  elip' 
aes;  but,  In  each  of  iliose  two,  one  of  the  sides  will  be  a  straight 
line,  and  the  other  an  arc  of  a  circle. 

The  foci,  or  places  of  union  of  all  the  rays,  both  central  and 
marginal,  that  are  incident  upon  the  cylindrical  lens  in  the  place  of 
thetwo  latter  sections,  coincide  with  the  foci  of  a  plaoo-spIiei^Giil 
lens,  whose  radius  of  curvature  is  equal  to  that  of  each  surface  of 
the  double  cylindrical  lens,  and  the  radii  of  curvature,  [taken  at  the 
Voltes  or  centre  of  the  lens),  of  all  the  elliptical  sections,  will  be 
such  ae  to  make  the  focus  of  ceutral  rays  incident  in  the  planes  of 
those  sections  coincide  also  with  the  forces  of  central  rays  refracted  by 
a  piano-spherical  lens  of  the  curvature  itbove-njenlioned ;  therefore 
the  focus  of  all  the  central  rays  refracted  by  the  cylindrical  lens  maj 
lie  considered  as  coinciding  whh  that  of  a  plano-spherica]  lea9<H 
kqual  curvature.  Now  if  the  sections  of  the  cylindrical  lens  were  bH 
considered  as  bounded  by  arcs  of  circles,  the  radius  of  each  are 
being  constant,  there  would  be,  evidently,  the  same  alteration  oFflK 
central  and  margi  rays  as  in  the  common  spherical  lens;  hsUt 
froatbe  nature^. -*ue  ellipse,  it  b  known  that  tlie  radii  of 
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'^xre  decrease  as  we  proceed  from  the  vertex  of  the  conjugate  axis, 
^Which  is  that  of  the  centre  of  the  Icns)^  to  that  of  the  transverse 
Biis,  therefore  the  radii  of  curvature  of  each  elliptical  section  of  the 

Slindrical  lens  are  shorter  near  the  margin  than  ahout  the  centre  of 
e  lens ;  consequently  the  refraction  there  will  he  greater,  and  the 
Jbcal  distance  of  the  marginal  rays  shorter,  than  if  the  radii  of  cur-, 
nture  had  been  constant.  From  tliis  it  is  evident  that  the  whole 
qaantity  of  the  aberration  arising  from  the  form  of  the  lens  if 
greater,  when  rays  are  refracted  by  the  cylindrical,  than  when  they 
are  refracted  by  the  spherical  lens,  and  therefore  the  former  is  so 
much  the  less  proper  for  all  optical  purposes. 

As  it  may  give  satisfaction  to  persons  who  have  not  had  opportu- 
nities of  seeing  those  lenses,  to  be  informed  of  their  effect,  I  beg 
leave  to  state  that  I  ground  one  of  them  with  great  accuracy  in  a 
cylindrical  tool,  whose  radius  of  curvature  was  four  inches,  and  com« 
paring  the  image  formed  by  it,  in  a  sort  of  camcra-obscura,  with 
that  formed  by  a  common  spherical  lens  of  the  same  size  and  focal 
length,  1  found  the  margin  of  the  former  image  visibly  more 
distorted,  and  the  whole  more  indistinct  tiian  the  image  formed  by 
the  latter  ;  the  difference  between  them  was  so  great  that,  after  the 
most  liberal  allowance  for  any  imperfection  that  might  be  suspected 
io  the  formation  of  the  new  lens,  tbere  could  remain  no  doubt  of  the 
SDperiority  of  the  old  one.    I  am,  Sir,  your  most  obedient  servant, 

N- 
XI.  Models  of  Crystals^ 

(To  Dr.  TbomsoD.)  * 

SIR, 

.  I  have  just  executed  some  models  to  accompany  Jameson's  Cha» 
racters;  they  are  in  two  boxes,  one  of  which  contains  34  models  of 
the  first  two  plates  of  the  above  work,  to  illustrate  Werner's  Crystal- 
lographic  method  :  the  remaining  are  1  i)  primitives.  They  are 
numbered  after  the  above  plates,  the  fii-st  the  letter  F,  and  the 
others  with  P.  The  price  of  the  whole  is  one  guinea.  They  may 
be  seen  at  Mr.  Mawe's,  Strand;  Mr.  Bate's,  Poultry;  and  Mr. 
Jone$%  Holborn. 

I  purpose  making  a  complete  set  to  accompany  Jameson's  Mine- 
ralogy, in  the  same  stile,  consisting  of  349  figures,  for  4/.  4^.,  with 
the  names  neatly  stamped  on  each  model. 

I  am,  Sir,  your  most  obedient  servant, 

J4,  Gee^reei^  Somer$  Town,  N.   L   LaRKIN. 

Jug.  13,  1816. 

XII.  Mr.  Donovan*s  Defence  of  hU  Prize  Essay  against  the 
Author  of  the  Letter  inserted  in  the  Annals  of  Philosophy^ 
vol.  vii,  p.  473. 

(To  Dr.  Thonuon.) 
SIR, 

On  looking  over  a  paper  in  your  last,  entitled  *^  Obseri  1^ 

Mr.  Donovan's  £ssays/'  it  appeared  to  me  that  the  i 


^ 

^taiid.   All 


*  Sdmtiflc  IrtteWgence, 
in  cautiously  decided  on  a  matter  which  he  did  not  understand, 
&r  u  1  can  collect,  he  labours  to  show  that  the  Royal  Irish  Acadei^ 
neither  honoured  me  with  the  prize  nor  with  their  couuienance; 
aod  of  this  the  only  evldeoce  biought  forward  is,  that  tliey  did  not 
award  me  the  greatest  posaible  sum.  In  publishing  the  questtoB) 
the  Academy  give  notice  that  the  greatest  |>ossible  sum  is  SOi.; 
this  cannot  l>e  exceeded,  but  may  be  diminished  to  any  amouot 
Mow  ii.  Hence,  however,  we  do  not  infer  that  the  sum  of  50l> 
enters  into  the  defimtiuij  of  the  Academic  prize,  and  that  ibc 
abstraction  of  10^.  alters  the  name  and  nature  of  the  thing  so  com- 
pletely. Were  this  the  case,  but  one  of  the  Essays  in  the  tut 
volume  of  Transactions  could  be  said  to  have  obtained  the  prae. 
Some  of  the  authors  obtuiiied  sums  much  under  what  was  awarded 
to  me ;  aud  by  this  I  do  not  intend  to  insinuate  that  their  menit 
were  not  superior  to  mine:  t lie  questions  given  to  these  iogeiiioul 
persons  were  in  the  present  fashion  of  knowledge  of  less  interest  thoa 
lliat  which  it  was  my  chance  to  undertake.  The  real  fact  of  ttw 
matter  is,  that  any  sum,  awarded  as  a  premium  for  an  Essay,  b  U» 
prize ;  and  this  Is  demonstrable  from  the  volume  lately  published  bj 
the  Academy.  The  Essays  of  Miss  Kiernan,  Mr.  Phelan,  aud  Mr, 
Carmichael  are,  in  the  contents,  entitled  *'  Prize  Essays,"  yet  Done 
but  one  obtained  the  full  sum.     This,  1  consider  a  direct  proof. 

On  all  these  accounts,  I  am  surprised  to  find  your  correspondent 
renture  upon  an  unqualified  contradiction  of  my  statements,  and 
c^pwe  to  them  assertions  which  do  not  even  appear  to  prove  any 
one  point. 

As  to  the  fears  expressed  lest  the  Academy  should  be  held  account- 
aWe  for  the  "  startling  novelty  of  ray  opinions,"  they  prore  b  hifh 
degree  of  unacqualntance  with  academic  usage.  TJie  Uoyal  Iriih 
Academy  prefix  to  their  transactions  an  advertisement,  intiinatiag 
tlial  "  as  a  body  they  are  not  answerable  for  any  opinion,  repre- 
•entation  of  ikcts,  or  train  of  reasoning,  wlilch  may  appear  in  the 
papers.  The  authors  of  the  several  essays  are  alone  responsible  f« 
their  contents."  This  being  the  case,  it  was  not  required,  nor  Blip- 
posed,  that  the  Academy  should,  *'  in  the  slightest  degree,  adimit 
my  conclusions,"  and  therefore  it  was  not  "  necessary  to  state  that 
ll»e  Academy  did  not  give  Mr.  Donovan  the  prize."  The  ral 
statement  of  the  case  appears  to  he,  that  your  correspondent  fean 
what  there  was  no  danger  of;  that  he  contradicts  true  statemeots; 
and  that  he  has  not  duly  considered  .•'hat  be  has  hazarded  in  i 
public  print.  But  these  arc  the  unquestionable  prerogatives  of 
BDOnymous  writers. 

lliere  was  another  topic  which  with  more  appearance  ofjmliet 
jnight  have  been  urged  against  rac.  Tlie  Essay,  now  published,  ii 
not  idenlicalli/  that  which  obtained  the  prize,  although  the  contraiy 
is  stated  on  the  title.  Much  new  matter  has  been  added,  both 
in  the  liistory,  and  in  the  examination  of  hypothesis  :  and  tlw 
third  part,  containing  the  statement  of  a  new  hypothetis,  is  aa 
tuition.     Whoever  m  disposed  to  censure  this  latter  part- 
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llaay,  cannot  extend  his  censure  to  the  Academy  for  having  counte- 
aidced  it,  inasmuch  as  the  part  in  question  never  came  under  the 
consideration  of  that  learned  body ;  and  as  if  it  did^  the  author^ 
accor^ng  to  the  usage  of  all  such  institutions,  is  alone  responsible 
bt  his  opinions.  lu  my  preface*  I  took  particular  care  to  impress 
OD  the  reader  that  matter  had  been  added  and  expunged,  and  that 
many  of  my  peculiar  opinions  did  not  appear  in  the  original  Essay. 
la  short  I  endeavoured  by  every  possible  means  to  present  ia  true 
itatement  of  what  I  had  done,  and  to  prevent  the  unthinking  from 
attaching  to  the  Academy  any  part  of  the  animadversions  that  might 
afterwards  .be  made  upon  my  opinions.  Hence  I  conceived  it  unoe- 
teasary  and  awkward  to  enter  into  any  such  details  on  the  title. 
The  same  mode  of  proceeding  is  continually  adopted  in  the  pubUca-; 
ti(m  of  other  works,  such  as  sermons,  &c.  which  are  stated  to  haive 
Iwen  preached  before  certain  assemblies  or  personages ;  and  it  ia 
t¥en  thought  unnecessary  by  their  authors  to  acknowledge  thatthef 
liave  been  improved  by  the  addition  of  new  matter,  or  by  the  dele- 
tba  of  what  appeared  objectionable. 

As  to  your  correspondent's  objections  (if  such  they  can  be  called) 
to  my  process  for  obtaining  pure  silver,  nothing  is  left  me  to  reply. 
He  places  his  own  suppositions  in  opposition  to  my  experiments. 
To  a  chemist  it  would  have  been  easy  to  ascertain  the  fact,  instead 
of  asking  an  opinion :  to  a  person  conversant  with  the  modem 
nethod  of  philosophical  reasoning  it  would  appear  absurd  to  attempt 
the  subversion  of  experiment  by  conjecture  :  and,  independently  of 
toy  other  consideration,  politeness  did  not  permit  my  accuracy  to  be 
^poUicly  called  in  question,  when  my  opponent  was  unable  to  assign 
4lie  smallest  grounds  of  doubt. 

In  your  commentary,  which  accompanies  the  above-mentioned 
diaervations  on  my  mode  of  obtaining  pure  silver,  you  mention 
firom  your  own  experience  that  the  common  process  of  reducing 
lana  cornea  by  means  of  pearl  ashes  is  as  good  as  any  other  if  pro- 
perly conducted,  and  that  the  loss  in  your  trials  never  exceeded  n 
few  grains  per  cent.  At  the  same  time  you  acknowledge  that  if 
ibe  heat  be  too  great,  or  too  long  continued,  there  is  risk  of  losing 
a  pert,  or  even  all,  of  the  silver. 

It  was  on  this  latter  account,  and  some  others,  that  I  grounded 
the  necessity  of  the  process  which  I  proposed.  It  is  very  difficult 
for  even  a  tolerably  experienced  chemist  to  hit  off  the  exact  heat 
sufficient  for  the  reduction  of  the  whole,  and  not  too  great  to  vola- 
tilize a  part  of  the  muriate.  Beside  this  difficulty,  I  objected  to  the 
great  trouble  and  complexity  of  the  process;  and  the  same  objectran 
applies  to  Gay  Lussac's,  and  to  all  others  hitherto  proposed.  In  my 
method  there  is  nothing  that  cannot  be  accomplished  by  tlie  most 
inexperienced,  without  risk  a  in  a  short  time,  with  little 

trouble,  and  no  loss  of  silver*  therefore,  that  you  not 

only  coincidt  with  me  in  ppioi  lave  given  consider- 

able weight  to  one  of  my  oSquec  in  a  stronger  point 

of  view  than  I  b^**  '^^n^,  and  L  ^Ait.  u^^^'sjiwi'^^ 
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.  jny  proposal.    Heoce,  I  look  upon  your  opiDioQ  in  the  case  as  i 
great  accession  to  the  Jnterest  of  my  process* 

I  have  tlie  honour  to  be,  sir,  with  respect, 

.    IhAUny  Juljf  2i^  1816,  M.   DoNOVAN. 

XIII.  Queries  respecting  Petrifactions. 

(To  Dr.  ThomsoD.) 
SIR, 

In  various  univalve  shells  that  are  imbedded  in  the  argitlaceoui 
lime-stone  or  blue  lyas,  there  is  a  material  similar  to  the  white 
lyas^  occupying  nearly  the  space  that  the  fish  must  have  occupied. 
And  in  every  such  case  the  shell  is  encrusted  on  its  outer  surface  with 
yellow  martial  pyrites,  resembling^  externally,  the  back  of  a  toad. 
How  are  these  appearances  to  be  accounted  for  ?  Is  there  any  tnidi 
in  the  supposition  that  the  calcareous  matter  is  the  fishy  substance^ 
ivhich  in  the  case  of  the  cornu  ammonis  is  crystallized  I  or  ha$  the 
blue  lyas  changed  its  character  by  the  deposition  of  its  pyrites?' 
The  white  lyas  has  been  first  formed  in  the  order  of  strata^  and  iB 
this  instance  lies  at  not  less  than  60  feet  below  the  other ;  but 
surely  we  cannot  imagine  the  portions  found  in  the  shells  to  be 
boulders. 

Your  opinion,  conveyed  through  the  medium  of  the  Annals^  wiB 
be  esteemed  a  favour  conferred  on. 

Sir,  your  most  obedient  servant. 

Julif  15,  1S16.  '  I.  C, 

The  queries  in  the  preceding  letter  are  highly  worthy  of  attention, 
and  can  only  be  answered  by  a  careful  examination  of  the  pheno- 
mena. It  would  be  presumptuous  in  me  to  venture  any  opinion  on 
the  subject.  It  is  sufficient  to  draw  the  attention  of  the  numerous 
well  icformed  geologists,  who  are  at  present  occupied  in  the 
examination  of  this  country,  to  a  phenomenon  w^hich  is  likely  <» 
Jead  to  some  important  deductions. — T. 


Article  XV. 

Scientific  Books  in  hand^  or  in  the  Press. 

Mr.  Accnm  has  in  the  prefs  A  Practical  Essay  on  Chemical  Re-agentJ 
or  Tests,  illustrated  by  a  Series  of  Experiments.  The  work  will  com- 
prehend a  summary  view  of  the  general  nature  of  chemical  tests,  tke 
effects  which  are  produced  by  the  action  of  these  bodies,  the  particular 
liges  to  which  they  may  be  applied  in  the  pursuits  of  chemical  science,  and 
the  art  of  applying  tliem  successfully.  A  list  of  all  those  substances 
for  which  rhere  exist  any  appropriate  tests  will  be  added ;  and  a  portaUc 
chemical  chest,  containing  all  the  chemical  tests  and  apparatus  neoessary 
for  performing  the  experiments  described  in  the  treatise,  may  also  'be 
h»d  with  the  w^ork. 


so 
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Article  XVI. 


METEOROLOGICAL   TABLE. 


Barometer. 

Tbermometbr. 

Hyrr.  at 

1816. 

Wind. 

Max. 

Min. 

Med. 

Max. 

Min. 

Med. 

9  a.  nu 

R^D. 

SthMo. 

• 

, 

^og.  16 

Var. 

29*S^ 

29-59 

29-715 

65 

52 

58-5 

«« 

€ 

17 

N  W 

2998 

2984 

29910 

61 

49 

55-6 

21 

18 

N  W 

30-15 

29-98 

30065 

62 

51 

56-5 

.». 

19 

N  W 

30-16 

30-10 

30-130 

67 

55 

61 -a 

•13 

• 

20 

N 

30-18 

3010 

30*140 

64 

42 

530 

.^ 

21 

N 

30-18 

30-14 

30160 

66 

50 

58-0 

» 

22 

N  W 

30-14 

30-10 

30-120 

68 

53 

60-5 

• 

23 

N  W 

30-10 

30-10 

30-100 

66 

56 

6l-0 

^^ 

/t 

24 

N  E 

30-18 

30-10 

30140 

70 

45 

57-5 

.... 

^5 

N  E 

30-20 

3018  30190 

69 

44 

56-5 

^6 

N  W 

30-18 

30-15  30-165 

67 

47 

570 

'■ 

27 

£ 

30-19 

30- 15 

30-170 

66 

44 

55-0 

. 

28 

£ 

30-19 

30-17 

30-180 

70 

46 

-58-0 

f 

29 

N  W 

30*  17 

29-9^ 

30-060 

64 

52 

58-0 

> 

30 

N  V/ 

2995 

29-36 

29-655 

61 

53 

57-0 

•23 

31 

S   E 

29-46 

2930 

29-380 

59 

46 

52-5 

^ 

1-og 

9th  Mo. 

• 

Sept.  1 

29-57 

29-22 

29-395 

49 

40 

44-5 

•92 

ft 

2 

N  W 

29-67 

2957 

29-626 

55 

30! 

42-5 

3 

s   w 

29-67 

29-33 

29-500 

56 

43 

49-5 

66 

.» 

• 

4 

N  W 

29-49 

29-31 

29-400 

57 

37 

47-0 

73 

— 

5 

w 

29-86 

29-49 

29-675 

60 

40 

50-0 

75 

•18 

6 

s  w 

29*86 

29-79 

29-825 

61 

50 

55-5 

62 

0 

7 

w 

29-79 

29-77 

29-780 

67 

52 

64-5 

St 

8 

s  w 

2977 

29-65 

29-710 

65 

47 

56-0 

77 

9 

s  w 

29-48 

29-38 

29-430 

60 

54 

57-0 

60 

•55 

10 

s  w 

29-8O 

29-77 

29-785 

.64 

47 

55-5 

49 

-18 

11 

w 

29-93 

29-80 

29-865 

65 

42 

53-5 

70 

12 

s  w 

30-13 

29-93 

29980 

65 

41 

53-0 

70 

13 

. 

3013 
30*20 

29-99 
29-22 

30-060 

65 

55 

60-0 

53 

# 

% 

29-872 

70 

30 

55-29 

3-49 

^Vlw  elMenratioot  In  each  line  of  the  table  apply  to  a.periad  of  tweaty-foor 
'■ny  b^tnniogat  9  A.M.  onliicday  indicated  in  the  first  cpl^umi^.  A  dfuih 
woces,  that  the  rcsali  ii  incladed  in  the  nexi  followiqi;  ohiervatToh.     '     * '. 


REMARKS. 

Eighth  Month. — 19.  Clear  morning.  23.  A  little  rain,  evening, 
2-1.  Cloudy  moroing :  smart  sbowcr  at  noon  :  a  considerable  appesr- 
ance  for  thunder,  evening.  25.  Slrolm:  tinesuD-set.  20.  Much 
dew,  a,  m. :  cloudy.  23.  Foggy  morning :  fair :  S/rnhw.  29.  Very 
foggy :  fair.  30.  Cloudy  moraing.  31 .  Wet  moriung :  stormy 
night,  iVith  heavy  Tfiin. 

Ninth  Alonth. — '2.  Hoar  frost  this  morning;  there  is  said  to  hare 
been  thick  ice  formed  in  several  exposed  situations.  3.  Rain,  with 
much  wind,  in  the  niglit.  4.  A  hard  shower  of  hail,  followed  by 
rain, about  noon.  5.  Wet  morning:  fair  day  after.  C,  a. in.Cloudyi 
misty  to  the  S. :  overcast  day,  7*  Maximum  of  terap.at  nine,  B.m.; 
fair  day.  S,  Fair:  wind  rising  at  S.W,  in  the  evening,  and  A'lwii 
about.  9.  It  began  to  rain  about  seven,  a.m.  and  continued  till 
three,  p.  m. :  after  which  a  very  stormy  night,  the  lower  cloudi 
moving  much  faster  than  the  higher.  10.  Fair  day.  11.  Mucb 
dewi  fair:  C/rz-oatrnwius  for  two  days  past.  12.  Much  dew :  f«tr. 
IS.  Dew:  misty,  a.m. :  a  few  drops  at  mid-dny,  after  much  cl<Hi4 
ud  wind :  ihe  sky  at  sun-set  appeared  to  be  clearing  gradually. 


RESULTS, 
Winds  variable  in  the  fore  part,  westerly  in  the  Istte^ 

Barometer:  Greatest  height 30*20  incha 

Least 29-22 

Mean  of  the  period  . . .'.  29-872 

Thermometer:  Greatest  height 70° 

Least 30 

Mean  of  the  period  ....  35-29 
Rain,  3*49  inches. 

<  ■••  Tbe  obunaliMi  of  tliii  period  up  to  thp  Slat  uti,  are  Ibme  of  my  fricBJ 
JjoliD  Gibson,  al  Ibe  Laboratory,  Stratfoid  i  witb  Ibe  present  moatli  ttierniM^ 
Tulleuham,  as  usuul.  ^|MM 

Tottenham,  L.  HOWi^H 

Kmih  Months  24,  1816.  ^^H 
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Article  I. 

On  Flame*     By  George  Oswald  Sym,  M.A, 

Jf  a  single  wire  be  held  horizoDtally  across  the  flame  of  a  wax 
tindle,  the  brightness  of  the  upper  part  of  the  flame  will  be  visibly 
impaired.  If  two,  three^  or  four  wires^  be  made  use  of,  instead  oi 
one,  the  effect  will  be  proportionably  increased.  If  a  piece  of- 
*viie-gauze  having  36  meshes  in  a  square  inch  be  employed,  only  a 
Eew  feeble  streaks  of  red  flame,  darkened  by  abundance  of  smoLe, 
*vill  be  seen  to  rise  above  it ;  and  through  wire-gauze  having  64 
KKiedies,  or  any  greater  number,  in  an  inch,  no  part  of  the  mime 
^l  ascend. 

Again  ;  if  two  pieces  of  paper  be  stuck  on  the  opposite  sides  of  a 
piece  of  wire-gauze,  and  one  of  them  be  set  on  fire,  the  other  jvill 
Ptmain  uninjured.  The  same  experiment  will  succeed  with  twa 
Neces  of  lineo,  of  fine  cotton  stuff,  or  of  any  ordinary  combustible. 
(t  will  succeed,  also,  whether  the  gauze  to  which  the  pieces  are 
attached  be  held  horizontally,  vertically,  or  obliquely. 

Hence  wire-gauze  seems  to  be  a  complete  barrier  against  the 
pFpgress  of  combustion.  But  there  are  limits,  we  may  be  sure,  to 
Ibis  singular  property;  and  these  will  appear,  upon  discovering  its 
cause. 

Having,  by  means  of  wire-gauze,  suppressed  the  upper  lialf  of 
the  flapie  of  a  candle,  hold  the  palm  of  your  hand  directly  over  it, 
ind  as  near  as  you  can,  without  hmr  natn^  by  the  heat ;  ^nd  if 
Ifoa  now  withdraw  the  gauze,  your  I  «ererely  scorch<»d; 

n  substitute  a  thermometer  for  the  (  nd  upon  the 

emoval  of  the  gauze  it  will  show  a  I  fQP  to 
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170°,  or  in  some  such  proportion.     Wire-gauze,  therefore,  iniet- 
cepts  heat,  as  well  as  flame. 

Again  :  let  a  piece  of  wire-gauze,  which  is  just  close  enough 
its  texture  to  intercept  the  flame  of  a  candle,  when  cold,  be  heated 
to  redness,  and  the  flame  will  now  pass  through  it ;  or  lay  a  ^hred 
of  cotton  stuff  on  such  a  piece  of  wire-gauze,  and  then  place  it, 
like  a  gridiron,  over  a  common  fire,  and  the  stufi'  will  be  protected 
from  burning  only  till  the  wires  have  become  red-hot.  Wire-gauze, 
therefore,  loses  its  power  of  intercepting  flame  as  soon  as,  by  haviDg 
its  temperature  sufficiently  raised,  it  is  rendered  incapable  of  inter- 
cepting heat. 

Hence  we  are  led,  in  these  cases  of  more  moderate  combustion, 
to  the  same  principle  upon  which  Sir  Humphry  Davy  has  expkiDed 
the  efficacy  of  wire-gauze  in  intercepting  explosion.  The  wires  of 
which  the  gauze  is  formed,  being  good  conductors  of  heat,  abstract 
so  much  of  what  is  evolved  by  the  flame,  that  the  remainder,  which 
is  suffered  to  pass  through  the  meshes,  is  not  sufficient  to  bring  a 
combustible  situated  on  the  opposite  side  to  so  high  a  temperainte 
as  that  at  which  it  is  inflamed.  But  whenever  the  wires  are  already 
so  hot  as  to  have,  in  a  great  measure,  lost  the  power  of  aijstraciin| 
heat ;  or  whenever  they  are  either  so  small,  or  so  distant  from  ont 
another,  that  there  is  not  in  the  given  space  a  quantity  of  condurt- 
JDg  matter  sufficient  to  carry  ofl'"  the  required  proportion  of  heat; 
enough  will  remain  and  pass  through  to  kindle  the  comhustible  on 
the  opposite  side.  Such  appear  to  be  the  cause  and  the  limits  of 
that  power  which  wire-gauze  possesses  of  barring  the  progress  of 
combustion. 

By  certain  applications  of  this  power  which  occurred  to  me  in  ths 
course  of  some  experiments  on  the  properties  of  the  ^fe-lump,  1 
have  been  enabled  to  gain  an  insight  into  the  internal  structure  of 
flame. 

1.  When  wire-gauze  of  the  requisite  fineness  is  held  borizoniallj 
across  the  flame  of  a  candle,  the  appearance  is  not  that  of  repression, 
but  of  truncation.  The  part  of  the  flame  below  rhe  gauze  ha 
suffered  no  alteration  in  shape,  size,  or  intensity;  and  the  pari 
which  ought  to  be  above  has  simply  disappeared-  In  looking  down, 
therefore,  through  the  gauze  upon  a  flame  thus  truncated,  we  have 
an  opportunity  of  examining  a  transverse  section  of  it,  and  of  thus 
inspecting  its  inside. 

Now  it  is  immediately  perceived  that  this  transverse  section  cm- 
sists  of  a  narrow  luminous  ring  surrounding  a  disk  which  is  not 
luminous;  and  though  the  obscuriiy  of  the  disk  may  at  first sigfat 
be  ascribed  to  the  blackness  of  the  wick,  seen  through  intervening 
flame,  it  will  he  discovered,  on  more  careful  examiriaiion,  (hat  the 
wick  occupies  only  the  centre  of  the  obscure  space,  which  extead: 
to  some  distance  around  it.  Besides,  the  wick  could  not  be  Keen  at 
all  through  Intervening  flame,  unless  through  an  extremely  ttun 
Him  of  it :  for  flame  is  an  opake  substance,  as  any  one  mayniwf; 
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by  (rjing  to  read  a  book  through  tlie  upper  part  of  the 
a  candle.  The  only  concluMOU  (hat  remains,  therefore,  or 
ler  the  direct  perception,  is,  ihat  the  lower  segment  of  the 
^rent  flame  of  a  candle  consists  of  only  a  thin  superficial  £lm  of 
^  Hame,  wliicli  has  the  shape  of  a  cup,  surround  lug  the  wic^ 
t  closiug  in  u|)on  it  below,  but  filled,  beside,  wllh  volatilized 

.  When  a  flame  is  truncated  in  the  msuncr  that  has  been  de- 
ft stream  of  volatilized  wax  ascends  through  the  wirc-gau/e, 
place  of  the  upper  part  of  the  flume  ;  fur  of  the  whole  quantity 
which  is  coniioually  given  off  from  the  capdle,  only  so 
much  is  now  consumed  below  the  gauze  as  is  usuJIy  consumed  ia 
■be  same  portion  of  the  flame  when  not  truncated.  Now,  though  a 
small  part  of  the  remainder  is  condensed  around  the  wires,  and 
blackens  them,  by  much  the  larger  part  remains  volatile,  rises 
through  the  meshes,  and  flies  off  unconsumed  in  the  .'hape  of  « 
column  of  smoke.  But,  though  the  progress  of  the  eombustiuii  in 
pursuit  of  this  fugitive  fuel  is  arrested  by  tlie  grating  (ii  wjre-work, 
it  may  still  be  set  on  fire  by  means  of  a  lighted  match.  It  iheq 
continues  to  burn,  as  it  would  have  done  if  the  gauze  had  n«ver 
been  introduced;  and  the  flame  which,  ii  affuids  is  of  a  conici^  J 
shape,  and  resembles  the  upper  part  of  the  entire  flame  of  a  candle^  J 
In  this  state  of  things,  therefore,  the  gauze  no  longer  appears  tO  \ 
truncate  the  flame,  but  to  bisect  it.  There  is  an  inienal,  however, 
between  the  two  segments;  for  the  upper  one  doc;  not  rest  upon 
the  gauze,  but  is  entirely  insulated,  flitting  up  and  down,  and  be- 
coming larger  or  smaller,  according  to  the  varying  rapidity  witbi 
which  its  fuel  is  evolved.  In  consequence  of  this  disjunction  of  the 
Vkq  segments,  an  opportunity  is  alforded  of  inspecting  the  uj^er 
one  from  below,  and  of  thus  obtaining  another  peep  into  the  inte- 
rior of  the  flame. 

Now  the  appearance  here  presented  is  perfectly  conformable  to 
that  alreadv  described  as  belonging  to  the  lower  segment.  There  is 
fiiill  Hn  obscure  disk,  surrounded  hy  a  luminous  ring ;  and  in  fact 
the  floating  flume  is  perceived  to  have  the  structure  of  a  cap,  dis-  ' 
tended  and  supported  by  the  ascending  column  of  vapour.  The 
£1(0  of  flame  of  which  this  cap  consists  seems  to  be  extremely  thia 
at  the  lower  edges,  but  to  become  gradually  thicker  till  it  terminates 
in  a  solid  apes.  It  is  always  in  motion,  extending  itself  in  various 
directions,  according  to  the  gentle  impulses  of  the  surrounding  air ; 
and  sometimes  it  curls  up  its  edges,  so  as  to  assume  the  shape  of  a 
bell,  in  which  case  its  hollow  structure  is  prettily  enough  displayed] 
inasmuch  as  it  has  a  tendency  to  turn  itself  inside  out. 

3.  If  the  upper  segment  of  a  bisected  flame  be  truncated  In  it4 
turn,  an  intermediate  segmeDtf,«n«|ft. which  is  neither  connected 
with  the  wick  below,  nor  termU)^^^B,]|IO^pex  above,  will  be  ob»  i 
lained.     For  this  purpose  let  ^^^HkHaiw-gauze   be  bende^  J 
^otlble,  so  that  the  two  pMtUM^^^^^Bjlwstant  from  eac^  J 
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other  somewhat  more  than  half  an  :ach;  truncate  the  flsme  of  a 
candle  with  this  doubled  gauze ;  and  set  fire  to  the  uscending  stream 
of  vapour,  both  between  and  above  the  two  folds.  If  the  vapour 
be  sufficiently  abundant,  the  appearance  will  be  that  of  a  trisected 
flatne  ;  but  it  seldom  is  so  abundant  as  to  maintain  all  the  ibree 
segments  permanently.  However,  neglecting  the  upper  segment, 
and  allowing  a. small  portion  of  the  vapour  to  escape  uncoiisumed, 
there  will  be  no  difficulty  in  obtaining  a  permanent  flame  between 
the  two  folds ;  and  this  will  have  all  the  appearance  of  a  middle  cut 
of  the  entire  flame. 

Now  this  intermediate  segment  will  be  clearly  perceived  to  hare 
the  structure  of  a  short  tube,  through  which,  as  through  a  conduit, 
the  column  of  residuary  vapour  ascends.  The  tube,  indeed,  does 
not  always  embrace  ihe  whole  circumference  of  the  column;  foi 
sometimes  it  splits  and  opens  lengthwise,  so  as  to  uncover  its  inside, 
and  show  that  it  is  no  more  luminous,  or  of  the  nature  of  Haroe, 
than  the  common  air  with  which  it  is  now  brought  into  contact.  In 
short,  no  person  who  observes  the  appearance  attentively  can  doubt 
that  the  real  living  flame  is  a  superlicial  film. 

4.  Let  us  now  put  these  several  observations  together,  or  recon- 
stitute the  whole  from  the  parts  into  which  we  havi-  divided  it.  To 
the  cap  of  flame,  which  we  obtained  below,  let  us  adapt  the  tube 
of  flame  which  we  obtained  in  the  middle,  and  let  us  cover  lliii 
tube  with  the  cap  of  flame  which  we  obtained  at  the  top.  It  will 
then  appear  that  the  entire  flame  is  a  hollow  substance,  that  the 
actual  combustion  is  confined  to  the  surface,  and  that  the  ioternal 
part  is  filled  with  volatilized  wax,  In  short,  the  flame  of  a  candle 
it  an  elliptical  bubble. 

5.  I  am  persuaded  that  any  person  who  will  take  the  trouble  W 
repeat  these  simple  experiments  will  be  satisfied  that  there  can  be 
no  illusion  in  the  appearances  which  have  been  desciibed.  Rata 
all  of  them  ai-e  derived  from  the  same  process  of  dissection,  the 
satis^ction  may  be  more  complete  if  the  mode  of  examinatioQ  can 
be  varied.  For  this  reason  I  shall  mention  three  proofs  of  the 
hollowness  of  flame,  which  are  of  a  different  kind. 

As  long  as  the  snuff  of  a  candle  is  confined  entirely  within  tlie 
flame,  it  remains  black  throughout.  But  let  it  be  allowed  to  runup 
to  the  apex,  or  let  it  be  made  to  curl  out  to  the  side,  and  lliatpart 
of  it  which  comes  into  contact  with  the  surface  of  the  flame  ffill 
immediately  become  red.  ' 

Secondly:  When  an  iron  wire  is  held  horizontally  across  the  flame 
of  a  candle,  it  becomes  red-hot  at  the  two  points  at  which  Jt 
crosses  the  surface.  But  that  part  of  it  which  is  in  the  inside  mqr, 
by  truncating  the  flame,  be  generally  perceived  to  remain  black. 

Lastly:  Whenapieee  of  wire -gauze,  after  having  been  employed 
10  truncate  a  flame,  is  withdrawn,  there  is  always  found  a  circular 
black  spot  u|H)n  it,  the  wires  being  incrustcd  with  soot  and  was. 
But  if  this  spot  be  held  just  over  the  apes,  or  any  where  in  coniKt 
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with  the  surfece  of  the  flame,  it  will  be  dissipated  by  the  superior 
heat,  and  the  wires  will  remain  quite  clean. 

Ttese  appearances  are  all  accounted  for  by  supposing  that  the  in- 
ternal part  of  the  flame  is  comparatively  cool;  the  actual  combustion 
being  diffused  over  the  surface,  and  concentrated  at  the  apex. 

6.  There  seems,  then,  to  be  little  doubt  that  the  fact  is  so ;  but 

perhaps  we  may  advance  a  step  further,  and  assert  that,  from  the 

nature  of  the  thing,  it  could  not  have  been  otherwise ;  for  the  flame 

of  a  wax*  candle  consists  of  the  light  and  heat  which  are  given  out 

in  the  process  of  combination  between  the  volatilized  wax  and  the 

oxygen  of  the  atmosphere.    Now  the  wax  rises,  at  first,  in  a  dense 

oojunin,  and  does  not  for  some  time  diffuse  itself  among  the  sur- 

roondiAg  air.    This  may  be  observed  in  the  case  of  a  truncated 

flame.     Hence  if  a  combination  is  to  take  place  between  the  wax 

and  the  oxygen,  it  must  take  place  at  the  surface  of  this  column, 

where  alone  they  come  into  contact  with  each  other.     The  actual 

comblistipn,  therefore,   must  necessarily  be  superficial^  and  the 

flame  hollow. 

Wax  is  given  off  from  the  whole  length  of  the  snuff,  or  blackened 
part  of  the  wick.  It  may  be  seen  boiling  out  from  the  very  summit 
of  it. .  Hence  the  quantity  evolved,  or  the  thickness  of  the  column, 
will  reach  its  maximum  just  around  the  top  of  the  wick;  and  ac- 
oordingly  it  is  precisely  there  that  the  circumference  of  tli^  flame  is 
the  greatest.  Above  this  point,  the  supply  of  fuel  receives  no  in* 
crease,  while  the  consumption  of  it  is  progressive;  consequently 
the  combustion  gradually  encroaches  on  the  thickness  of  the  column 
till  at  length  it  closes  over  it.  Hence  the  tapering  and  acuminated 
shape  of  the  flame ;  and  hence  the  superior  intensity  of  heat  and 
light  at  the  apex.   . 

7*  If  this  be  the  true  explanation  of  the  structure  of  the  flame  of 
a  candle,  a  similar  structure  ought  to  be  found  in  almost  every 
variety  of  permanent  flame  with  which  we  are  acquainted ;  for  the 
elplanatidn  is  ap))licable  to  all  such  flames  as  are  produced  by  a 
graduai  combination  between  the  oxygen  of  the  air  and  an  ascending 
stream  of  inflammable  vapour  or  gas.  I  have  made  the  experiment 
in  a  few  of  the  most  ordinary  cases,  so  as  to  satisfy  mjfself  of  the 
generality  of  the  fact. 

If  a  piece  of  wire-gauze  be  held  acro8$  the  flame  of  an  Argand 
lamp,  the  flame  will  l^  truncated;  there  will  be  seen  two  concentric 
circles  of  light,  instead  of  one  broad  ring ;  the  appearances  of 
bisection  and  trisecdon  may  be  exhibited  ;  and  the  segments  will  be 
perceived  to  be  hollow,  just  as  in  the  flame  of  a  candle. 

If  a  large  piece  of  wire-gauze  be  held  over  a  common  fire,  either 
of  wood  or  coal,  it  will  truncate  all  the  flames,  and  show  that  they 
are  all  hollow.  In  this  case  li~*-  ^  light  will  be  seen  running  out 
and  returning  in  various  diiei  d  forming  many  salient  and 

re-entering  angles ;  but  all  iof  i  ooiutfitutc  one  outline,  and 

enclose  a  continuous  spacer'  ^  f  shaped  as  the 

kernel  of  a  walnut.  Hence  a]  aq{  ^eo^\fi«^^ 
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fire  appear  to  inosculate  into  one  another,   and  to  contain  one 
common  nucleus  of  inflammable  gas. 

The  flame  from  carbureted  hydrogen,  or  the  ordinary  ^as  h'ght, 
may  be  ttuucaied  by  the  same  means,  and  will  exhibit  ihe  same 
appearances  of  liollowness  as  the  flame  of  a  candle,  but  in  a  neater 
and  more  pleasing  manner.  I  have  litde  doubl  that,  by  forcing  oat 
tlie  gas  with  sufficient  rapidity,  not  only  three  segments  of  i&me, 
but  a  greater  number,  might  be  permanently  supported ;  but  this  I 
have  not  tried. 

It  is  needless  to  multiply  examples  in  order  lo  prove  a  similsrity 
of  structure  where  no  cause  of  difference  can  be  supposed  to  east. 
The  general  conclusion  is,  that  wherever  a  stream  of  inflammnble 
vapour  or  gas  rises  gradually  into  contact  with  the  surrounding  ait, 
and  combines  nith  its  oxygen  so  as  to  produce  flame,  that  flame  ii  \ 
and  must  be  hollow. 

8.  liut  there  are  many  instances  of  inflammation  in  which  tht 
combustible  and  supporter  do  not  come  into  contact  thus  gradually 
and  in  di^tini^t  volumes.  A  gaseous  mixture  of  oxygen  with 
hydrogen,  or  with  any  of  the  kindred  inflammable  airs ;  or  a  solid 
compound  of  cliarcoal  with  a  nitrate  or  an  oKymuriate;  coiiiain! 
within  itself  the  elements  of  combustion  in  such  a  state  of  inter- 
wiature  that  only  an  elevation  of  temperature  is  wanted  to  enable 
them  to  burst  into  flame,  independently  of  the  access  of  atmosplieric 
air.  In  such  cases,  therefore,  the  flame  ought  not  to  be  hoUovf, 
but  of  uniform  substance  throughout. 

In  order  to  illustrate  this,  let  a  glass  phial  be  filled  with  pure 
hydrogen  gas.  Then  turn  up  the  mouth  of  the  phial ;  so  that  the 
hydrogen,  from  its  superior  lightness,  may  rise  into  contact  with  the 
air,  and  tire  it  with  a  lighted  taper  in  its  ascent.  The  result  will 
be  a  permanent  flame  at  the  mouth  of  the  phial ;  which  flame  may 
probably  be  proved,  by  the  methods  already  described,  to  have  the 
structure  of  a  hollow  bubble. 

Fill  the  same  phial  with  the  same  gas  a  second  time;  but  apply 
the  taper  to  the  mouth  of  it,  without  turning  it  up.  Then,  as  the 
lighter  gas  cannot  descend  into  the  heavier,  the  only  surface  of  con- 
tact between  the  hydrogen  and  the  oxygen  of  the  air  will  be  just 
across  the  mouth  of  the  phial.  Accordingly  a  small  flame  will  be 
seen  to  commence  there,  and  to  ascend  along  the  phial,  in  propor- 
tion as  the  inflammable  air  is  consumed.  Here  the  usual  order  is 
reversed,  as  it  is  now  the  supporter  which  rises  to  meet  the  combus- 
tible; but  still  their  contact  is  only  superficial;  and,  therefore,  the 
flame,  though  not  hollow,  but  flat,  is  still  only  a  thin  film. 

But,  instead  of  filling  the  phial  with  pure  liydrogeuj  let  it  pest 
be  filled  with  an  explosive  mixture  of  oxygen  and  hydrogen ;  and  if 
a  taper  be  now  introduced  into  it,  there  will  be  no  gradual  aiid'lodtl 
combustion,  but  a  sudden  and  thorough  explosion.  This  will  happen 
indifferently  whether  the  mouth  of  the  phial  be  up  or  down;  and  it 
would  happen  equally,  ahhough  it  were  hermetically  scaled.  Here, 
then,  boih  the  reason  of  i\«  t.\\\tig,  aa4  owt  ^wce^tion,  as  fer  as  it 


^Ks,  lead  us  to  conclude  that  the  fkme  has  not  been  superficial, 
^K  solid. 

^HJence  as  an  ordinary  flame  is  a  permanent  hollow  combustion, 
^Kmay  define  an  explosion  to  be  a  momentary  solid  combustion; 
^H  this  difference  in  their  structure  will  account  for  the  diSerence 
^Ktheir  intensity. 

^B,  If  the  permanency  of  a  hollow  flame  could  be  combined  with 
^B  intensity  of  a  solid  one ;  or,  in  Other  words,  if  a  lasting  explo- 
^K)  could  be  produced;  a  powerful  agent  would  be  obtained  for  the 
^Bmist  and  fur  the  artist.  Now  I  know  not  whether  this  has  beea 
^Kady  done ;  but  it  seems  to  be  quite  practicable. 
^Hoto  Newman's  blow-pipe  let  (here  be  compressed  a  large  quantity 
H[the  most  explosive  mixture  of  oxygen  and  hydrogen,  and  then 
ilet  the  stop-cock  be  turned,  and  the  gases  fired  as  they  rush  out. 
The  smallness  of  the  bore  will  precent  the  inflammation  from  ex- 
tending up  the  lube;  and  the  rapid  and  constant  emission  of  the 
gases  will  prevent  it  from  being  eslinguished ;  so  that  the  result 
ought  to  be  a  permanent  explosion. 

I  suspect  that  this,  or  something  of  the  same  kind,  is  the  mode 
of  producing  that  heat  (tlie  most  intense  hitherto  devised)  by 
which  barytes  and  strontites  are  said,  in  a  late  newspaper,  to  have 
been  decomposed  without  the  aid  of  compound  afGnities ;  for  if  the 
heat  of  a  lamp  be  prodigiously  increased,  when  the  superficial 
combustion  of  ihe  volatilized  oil  is  merely  quickened,  by  supplying 
oxygen  gas  more  rapidly,  and  in  a  more  condensed  state,  than  it  can 
be  obtained  from  the  atmosphere;  how  great  must  be  the  intensity 
when  a  more  combustible  substance  tiian  oil  is  intimately  mixed  and 
forcibly  compressed  with  pure  oxygen,  and  k  thus  made  to  burn, 
solidly  instead  of  superficially?  There  ought  to  be  no  more  com- 
parison than  between  a  bucket  of  water  and  a  bubble. 
^Oq  this  part  of  the  subject,  however,  1  have  forborne  to  make 
Krlments,  lest  I  should  intrude  upon  tiie  path  of  another. 


t  to  the  Hypothesis  of  Mr. 
fiGrowlh  of  Vegetables.    By  the  Rev 


Campbell  on  the   Vprigkt 
Patrick  Keiih,  F.L.S. 


(To  Dr.  Thomson.) 

R  an  article  on  the  upright  growth  of  vegetables  in  one  of  tb*J 
e  numbers  of  your  Annah,  the  author  lias  thought  proper  t&  statt*  ' 
and  to  denounce,  in  very  peremptory  tems  jggesiion,  or  con- 

jecture of  mine,  on  a  subject  involved  io  lOve  title.    This  I 

shauld  not  have  thought  it  necessary  to  t«I  '  "  of,  if  it  had 

~    ;  been  that  it  seems  to  me  calculated  "into* 
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mistake  with  regard  to  the  actual  scope  of  my  hypothesis ;  for, 
although  the  note  of  reprohation  to  which  I  allude  is  expressed  witk 
sufficient  accuracy^  yet  as  it  evidently  exhibits  my  hypotbesb  in  the 
light  of  occupying  a  position  opposite  to  that  of  the  author's,  it  nuf 
possibly  be  thought  by  the  reader  that  they  are  identical  io  tbtir 
extent,  and  that  I  ascribe  the  continued  and  upright  growth  of  the 
plant  to  the  principle  of  instinct  also,  as  well  as  the  direction  as- 
sumed by  the  radicle  and  plumelet  respectively  in  the  developemcnt 
of  the  seminal  germ.  Now  the  hypotliesis  which  I  have  advanced 
has  nothing  to  do  with  the  upright  growth  of  the  plant  beyond  that 
of  introducing  the  plumelet  into  the  open  air — the  medium  fittd 
to  its  future  developement — which  may  be  creeping,  or  climbiog,  * 
or  winding,  or  upright,  according  to  the  natural  and  peculiar  chi- 
racter  of  the  species,  and  may  depend  entirely  upon  other  causes. . 

But  if  my  hypothesis,  even  with  my  own  explanation  of  it^sboidd 
still  remain  inadmist<ible,  it  will  not  follow  that  the  hypothesis  either 
of  Mr.  Campbell  on  the  upright  growth  of  the  stem,  or  of  Mr. 
Knight  on  the  downward  growth  of  the  root,  is,  therefore,  to  he 
admitted.  Mr.  Campbell  does  not,  indeed,  say  much  on  die 
descent  of  the  radicle  ;  but  from  what  he  does  say,  it  b  evident  he 
adopts  the  theory  of  Mr.  Knight;  namely,  that  of  tbe  principle  of 
direct  gravitation  as  founded  on  the  experiment  of  the  revolving 
wheels.  In  my  paper  on  this  subject  published  in  the  LinmeaD 
Transactions,  1  thought  1  had  shown  that  there  are  some  strong,  if 
not  insurmountable,  objections  to  the  adoption  of  this  theorjr, 
although  I  did  not  enter  very  minutely  into  the  detail  of  them.  But 
as  Mr.  Campbell  has  either  overlooked  them,  or  thought  them  of 
no  value,  I  will  now  take  the  liberty  of  briefly  recapitulating  them, 
and  of  adding  some  tliat  are  new. 

With  regard,  then,  to  the  1>oasted  experiment  of  the  revolving 
wheels,  1  must  say  that  it  has  never  appeared  to  me  to  be  of  any 
great  value ;  because  the  same  result  might  have  happened  even 
upon  the  supposition  that  the  descent  of  the  radicle  is  effected,  not 
by  gravitation,  but  by  some  other  cause ;  inasmuch  as  the  agency 
of  that  cause  might  have  been  aftected  and  counteracted  by  the  ex- 
periment as  completely  as  the  agency  of  gravitation  itself.    Suppose 
I  let  fall  a  ball  at  the  height  of  six  feet  from  the  ground,  with  a 
view  to  illustrate  the  law  of  gravitation  ;  I  expect  it  is  to  descend  in 
a  perpendicular  line ;  but  some  one  hits  it  in  its  passage,  and  forces 
it  to  descend  obliquely.     Suppose  I  then  savy  this  ball  shall  still 
descend  in  a  perpendicular  line,  for  I  will  guide  it  with  my  hand ; 
1  take  the  ball  in  my  hand,  and  am  letting  it  down  as  nearly  in  a 
perpendicular  line  as  I  can,  but  the  same  wag  lays  hold  of  my  hand, 
and  forces  it  down  in  an  oblique  line  still.     The  result  is  the  same 
in  both  cases  with  regard  to  the  deviation  of  the  ball ;  but  the  causes 
that  have  been  overcome  are  very  different.     In  the  former  case  it 
was  the  power  of  gravitation  ;  in  the  latter,  it  was  the  muscular 
force  of  my  arm.     Mr.  Knight  is  not,  therefore,  eutitled  to  con- 
dude  that  gravitation  is  the  cause  of  the  radicle's  descent^  unless  he 
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can  show  that  his  experiment  could  ikit  have  counteracted  any  other 
oiuse,  or  that  there  could  not  possibly  have  been  any  other  cause 
h  the  way  to  be  counteracted  by  it.  If  this  last  is  assumed  to  be 
tte  feet,  then  I  will  beg  leave  to  put  the  following  questions : — 

If  gravitation  is  the  sole  cause  that  gives  direction  to  the  radicle 
.dr  rooty  why  does  the  germinating  radicle  of  the  misseltoe  bend 
itself  either  downwards  in  conjunction  with'the  agency  of  gravita- 
tion, or  upwards  in  opposition  to  the  agency  of  gravitation^  accord- 
ing to  the  circumstances  in  which  accident  may  have  placed  it,  till 
b  reaches  the  bark  of  the  tree  upon  which  it  is  to  feed  ?  Will  it  lie 
said  that,  this  is  the  effect  of  accidental  attraction,  like  that  of  a 
large  mountain  making  the  plumb*line  to  deviate  from  the  perpen- 
dicular? Then  it  ought,  for  the  same  reason,  to  attract  the 
plonoelet  also,  which  it  has  never  been  known  to  do.  Further,  if 
gravitation  is  the  sole  cause  that  gives  direction  to  the  radicle  or 
rooty  how  is  it  that  so  few  roots  are  in  effect  perpendicular,  even 
where  there  is  no  perceptible  obstacle  to  mar  their  descent,  and  so 
tnaby,  on  the  contrary,  horizontal,  as  in  the  case  oipteris  aquUiruif 
or  common  brakes;  and,  I  may  add,  even  ascending;  that  is,  where 
the  surface  of  the  soil  that  surrounds*  them  is  ascending,  as  in  the 
case  of  trees  planted  by  the  sides  of  banks  or  mounds  of  earth  ?  If 
I  am  now  told  that  the  radicle  does  in  fact  almost  universally  de- 
scend, and  that  the  rationale  of  its  descent  is  rendered  evident  upon 
the  principle  of  gravitation  from  its  peculiar  mode  of  elongation ; 
tben  i  reply  that,  for  the  very  same  reason,  the  root  of  the  vege- 
tating plant  ought  also  universally  to  descend,  as  they  both  elongate 
in  the  same  way,  and  both  receive  additions  in  length  at  the  extre- 
mity only.  Also,  if  gravitation  is  the  sole  cause  that  gives  direction 
to  the  radicle  or  root,  why  did  my  experimedt  of  July  24,  1812,  as 
related  in  my  paper  already  alluded  to,  and  instituted  with  a  view  to 
put  to  the  test  the  hypothesis  of  Dr.  Darwin,  give  the  result  that  is 
there  detailed  ?  That  is,  why  did  the  radicle  both  of  the  bean  and 
grain  of  wheat,  after  having  elongated  by  descent  for  about  half  an 
inch,  till  they  had  extended  beyond  the  lower  extremity  of  the  tube, 
turn  themselves  suddenly  from  the  perpendicular  direction,  and 
eieep  in  a  horizontal  direction  along  the  under  surface  of  the  earth, 
with  which  the' tube,  open  at  both  extremities,  was  filled,  with  the 
points  even  ascending  ? 

If  these  facts  do  not  furnish  sufficient  evidence  of  the  existence 
of  an  energy  exerted  by  the  vegetating  plant  that  is  capable  of  giving 
direction  to  the  root,  and  of  counteracting  the  agency  of  gravitation 
when  necessary,  then  I  am  ready  to  confess  that  1  do  totally  misap- 
prehend the  subject,  fiut  if,  on  the  contrary,  they  furnish  the 
evidence  for  which  I  contend,  then  it  will  follow  undeniably  that 
Mr.  Knight's  conclusion  is  a  manifest  petitio  principiiy  and  that  his 
hypothesis  is  without  foundation.  Perhaps  it  mav  be  said  that  these 
«re  only  a  few  exceptions  to  a  general  ruir  by  should  there 

be  any  exceptions  to  it  at  all  ?  Who  evert  real  exception 

to  die  law  of  gravitation  as  applicable  lo>  -KvANi 
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these  are  exceptions  to  the  law  of  gravitation,  as  applicable  to  Tegt- 
tafales,  let  Mr.  Knight  or  Mr.  Campbdl  show  bow  and  why  iliej 
are  so. 

The  nest  topic  to  he  considered  is  that  of  the  upright  growth  (i 
the  plumelet  and  stem,  which  I  had  erroneously  supposed  Mi. 
Knight  did  not  account  for — a  supposition  that  arose  merely  fiun 
H  lapse  of  memory,  and  not  from  any  wish  to  exhibit  an  unfair  r» 
presentution  of  Mr.  Knight's  hypothesis.  But  the  worii  which  1 
had  thus  left  imperfect,  Mr.  Campbell  has  completed,  by  exiiibilillg 
not  only  an  accurate  view  of  Mr.  Knight's  hypothesis,  butakoi 
comjilete  refutation  of  it.  It  must  be  observed,  however,  that  the 
refutation  does  not  regard  the  primary  principle  of  the  hypotliesit) 
which  Mr.  Campbell  most  cordially  adopts,  but  merely  the  mode  bj 
which  that  principle  acts.  According  to  Mr.  Knight,  it  Is  tbt 
agency  of  direct  gravitation,  causing  the  sap  to  accumulate  oo  tbt  ig 
under  side  of  a  deflected  germen,  in  consequence  of  which  tht 
under  side  elongates,  and  the  point  turns  up,  and  the  plant,  afieri 
scries  of  corrections  in  bending  from  side  to  side,  acquires  its  uprjglil 
growth.  According  to  Mr.  Campbell,  it  is  ihe  agency  of  resiaal 
gravitation  affecting  the  tender  shoot,  or,  perhaps,  the  whole  plant. 
This  hypothesis  he  grounds  on  some  facts,  the  result  of  niiautt 
obseivation,  on  the  young  shoots  of  a  spruce  fir,  beech,  and  ihorB, 
and  on  the  germination  and  growth  of  a  garden  bean ;  from  wbiti 
lie  is  satisfied  that  the  shoots  in  the  process  of  straightening  exhibited 
the  same  phenomena  which  would  naturally  have  resulted  from  the 
inliuence  of  gravitation,  whether  direct  or  resisted — the  shoots  ac- 
quiring their  verticality,  "  not  by  any  recurvative  at  the  top,  but  bj 
a  general  and  progressive  movement  of  the  whole,"  in  direct  0|^ 
sition  to  the  series  of  corrections  that  seems  to  be  essential  to  Mi. 
Knight's  hypothesis,  but  which  is  altogether  incompatible  with  the 
principle  of  gravitation. 

Now  on  this  statement  I  will  beg  leave  to  offer  a  few  remarks.  I 
do  not  mean  to  say  that  Mr.  Campbell's  observations  were  Mt 
minute,  or  that  he  has  not  faithfully  and  accurately  stated  &cts  K 
they  occurred  to  him ;  but  1  must  say  that  his  observations  ban 
been  rather  too  lew,  and  the  number  of  species  examined  rather  too 
small,  to  serve  as  the  groundwork  of  an  hypothesis  that  is  to  super- 
sede all  other  hypotheses  on  the  subject.  For  what  do  they  amount 
to  after  all?  'fhree  or  four  observations,  in  the  course  of  two 
months,  on  three  or  four  plants ;  whereas  there  should  have  been  as 
many  observations  in  the  course  of  every  day.  And  if  Mr.  Camp- 
bell did  actually  make  no  more  observations  than  arc  stated  in  his 
paper,  then  he  has  had  but  a  very  imperfect  view  of  the  process  by 
which  the  verticality  of  the  plant  is  effected,  and  will  have  reason 
to  think  himself  particularly  fortunate  if  he  has  not,  in  conse- 
quence, been  betrayed  into  one  conclusion  or  other  incousistentwith 
feet. 

Such  are  the  remarks  that  I  have  thought  it  proper  to  premise; 
and  to  sljow  that  they  have  nol  betn  iVtovjia  iviX  'i.t  random,  1  will 
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take  the  liberly  of  stating  a  few  counter  obsercaiions,  that  the 
T   may  have  an  oportunity  of  contrasting  tliem  with  those  of 
Campbell,  as  represented  in  tlie  plate  that  accompanies  his 
psper. 

In  tlie  month  of  July,  1812,  I  observed  for  several  successive 
mornings  that  the  top  shoot  of  a  spruce  fir,  growing  in  the  froot  of 
3Dy  study,  was  uniformly  bent  towards  the  east.  The  shoot  was  at 
■the  time  at  least  a  foot  and  a  half  in  length,  and  the  origin  of  the 
Wad  about  six  or  eight  inches  from  the  summit,  which  was  much 
depressed.  It  occurred  tu  me  that  the  bending  of  the  shoot  tvas 
perhaps  the  effect  of  what  Is  usually  termed  nutation.  If  so,  it  was 
to  be  expected  that  it  would  look  towards  the  west  in  the  evening. 
An  evening  observation  was  accordingly  resolved  on;  but  being 
omitted  by  some  accident  on  the  evening  immediately  succeeding 
(he  resolution,  it  became  afterwards  unnecessary;  for  on  the  follow- 
ing morning  the  sboot,  instead  of  being  bent  towards  the  east,  as 
before,  to  meet  the  rising  sun,  was  found  to  be  bent  towards  lh« 
west.  This  satisfied  me  that  the  phenomenon  was  not  to  be  ascribed 
to  nutation ;  and  as  I  had  no  further  object  in  view  but  the  ascer- 
iBloing  of  that  fact,  my  intended  observations  were  consequeoiljr 
Slopped.  But  1  recollect  enough,  merely  from  the  ensual  olisen'ar 
tions  that  unavoidably  occurred  from  occasionally  looking  out  at  th^ 
tvindow,  to  be  able  to  say,  without  the  least  fear  of  being  contra^ 
ilicted,  that  the  direction  of  ihe  bend  was  changed  again  and  again, 
and  in  a  variety  of  different  ways,  before  the  shoot  assumed  its  ultt- 
iDBte  and  vertical  position- 
On  the  I3ih  of  August  last  (the  day  on  which  the  number  of 
your  Annals  containing  Mr.  Campbell's  paper  first  readied  me)  I 
began  to  look  out  for  some  shoots  whose  growth  was  yet  vigorous, 
that  I  might  have  an  opportunity  of  making  a  few  observations 
before  the  season  was  past.  At  seven  o'clock  in  the  evening  the 
lop  shoot  of  a  spruce  fir  of  about  15  inches  in  length  was  bent  by 
iti  upper  half  towards  the  south-west,  so  as  to  form  an  angle  of 
about  7^°  with  the  horizon. 

On  the  14th,  at  seven  o'clock,  A.M.  the  weather  being  damft^ 
and  cloudy,  the  shoot  was  quite  erect,  except  that  the  lower  part 
was  somewhat  zigzag  in  its  ascent. 

On  ihe  I5ih  the  shoot  was  as  before,  confirmed,  as  it  appeared, 
in  iis  erect  position,  and  no  longer  aflbrding  any  scope  for  observa- 
tion, the  season  of  its  growth  being  past.  In  short,  it  never  more 
condescended  to  bend  it.'  head. 

Od  the  16th  I  found  that  some  shoots  of  a  plum-tree,  known  ia 
Kent  by  the  name  of  the  muscle  plum,  were  still  in  vigorous  and 
loiuriant  growth,  the  tree  being  planted  by  a  wall  with  a  norih-east 
ispect,  but  not  nailed.  At  four  o'clock,  P.M.  immediately  after 
s  HiQst  tremendous  thunder-storm,  the  day  having  been  altogether 
'Wery  and  chmdy,  a  shoot  which  measured  altout  !20  inches  in 
Ifnglh  was  bent  almost  horizontally  for  about  three  inches  at  the 


i 


S32  ^  Objections  to  Mr.  CampbeWs  Hypothesis  [Nor; 

top.    At  seven  o'clock  the  bent  part  had  recovered  itself  coDside^ 
ably,  and  stood  at  an  angle  of  45^. 

On  the  17th,  at  eight  o'clock^.  A.M.  the  shoot  was  erect^  adi 
continued  so  all  day,  though  there  was  much  rain. 

On  the  18th^  at  eight  o'clock,  A.M.  the  weather  being  very 
cloudy,  the  shoot  was  bent  for  about  three  inches  from  the  summit, 
at  an  angle  of  7^^*  At  four  o'clock,  P.  M.  it  had  begun  to  reooYa 
its  upright  position,  the  weather  being  still  cloudy,  with  some  rain. 
At  seven  o'clock  it  was  vertical. 

On  the  19th,  at  seven  o'clock,  A.M.  the  shoot  was  erect,  and 
the  sun  shining.  At  nine  o'clock  it  was  bent  towards  the  sun,  so  as 
to  form  an  angle  of  7^°<  At  one  o'clock,  P.  M.  it  was  again  ver- 
tical, the  sun  being  obscured  with  clouds.  At  two  o'clock  it  bid 
passed  the  vertical  line,  and  formed  an  angle  of  about  7^^  in  u 
opposite  or  north-west  direction.  At  four  o'clock  it  had  again  beot 
back  to  the  south-east,  at  about  an  angle  of  80%  the  weather  being 
fine,  with  sunshine,  but  the  tree  in  the  shade. 

On  the  21st,  at  eleven  o'clock,  A.M.  the  weather  being  fine,  the 
shoot  was  bent  towards  the  sun  at  an  angle  of  ^b^.  At  five  o'clock^ 
P.M.  it  was  erect,  though  in  the  shade.  At  six  o'clock  it  bad 
passed  the  vertical  line,  and  was  bent  along  with  two  others  that  I 
had  now  begun  to  observe  in  the  direction  of  the  setting  sun,  which 
does  not  actually  reach  the  wall,  but  throws  in  the  greatest'glare  of 
light  from  the  north-west. 

On  the  22d,  at  five  o'clock,  A.M.  the  shoots  were  bent  towards 
the  east,  or  rising  sun,  though  obscured  by  clouds^  At  nine  o'clock 
they  were  erect.  At  ten  o'clock  one  of  them  had  past  the  vertical 
line,  and  was  bent  to  the  north-west.  At  one  o'clock,  P.M.  they 
were  all  bent  to  the  east  at  an  angle  of  ^b^.  At  two  o'clock  they 
were  depressed  to  an  angle  of  45^.  At  six  o'clock  they  had  changed 
their  direction,  and  were  bent  to  the  north-west. 

On  the  23d,  at  ten  o'clock,  A.  M.  two  of  the  shoots  were  bent 
towards  the  sun,  and  the  other  towards  the  north.  At  five  o'clock, 
P.  M.  they  were  all  nearly  erect. 

On  the  25th,  at  ten  o'clock,  A.  M.  the  shoots  were  all  bent  to 
the  sun,  and  the  weather  fine. 

On  the  28th,  at  nine  o'clock,  A.M.  one  of  the  shoots  was  bent 
at  an  angle  of  45°,  and  the  others  were  nearly  erect. 

On  the  30th,  at  ten  o'clock,  A.  M.  the  shoots  were  bent  a  little 
towards  the  sun.  At  five  o'clock,  P.M.  one  of  them  was  erect, 
and  the  others  bent  at  an  angle  of  *Jb^. 

On  the  1st  of  September,  at  eight  o'clock,  A.M.  in  a  tremendous 
storm  of  wind  and  rain,  that  had  raged  all  night,  the  most  pliant 
shoot  was  much  bent  down,  the  origin  of  the  bend  being  at  least 
six  inches  from  the  summit.  At  six  o'clock,  P.M.  it  had  begun  to 
resume  an  erect  position  by  the  lower  halt^  though  in  a  sort  of  zig- 
zag, or  rather  serpentine  line. 

On  the  2d,  at  eleven  o'clock,  A.M.  the  weather  was  fine,  and 
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he  lower  part  of  what  was  bent  on  the  1st  stood  quite  erect,  though 
Kill  in  the  serpentine  line,  which  appears  to  be  the  last  stage  of  the 
Mtocess  of  the  erection  of  the  shoot.  The  summit  was  slightly  bent 
Sor  about  two  inches,  and  the  shoot  was  found  to  have  grown  at 
cast  four  inches  since  the  commencement  of  my  observations. 

On  the  4th  the  waving  line  was  a  little  higher,  and  the  summit 
oent  only  by  an  inch. 

On  the  6th  the  waving  line  was  quite  obliterated,  and  the  shoot 
raiical.     It  became  pendant  no  more. 

^  If  we  lode  at  the  scope  of  the  above  observations,  we  shall  find 
3tto  be  so  far  from  coinciding  with  that  of  Mr.  Campbell,  that  it 
scarcely  comes  into  contact  with  it  at  all ;  and  seems  rather  to  coun- 
tenance the  hypothesis  of  Mr.  Knight,  by  demonstrating;  that  a 
Mries  of  corrections  does  actually  take  place  in  the  process  of  the 
elevation  of  the  pendant  shoot,  and  that  the  conclusion  of  Mr. 
Campbell  with  regard  to  that  process  is  palpably  contradicted  by 
bets.     Perhaps  I  might  here  legitimately  put  a  stop  to  the  discus- 
sion altogether,  and  contend  that  the  question  is  decided  against 
Mr.  Garopbeirs  hypothesis,  inasmuch  as*  he  admits  that  a  series  of 
oorrections  is  incompatible  with  the  principle  of  gravitation.     But 
HI  this  would  be  to  dismiss  the  subject  without  once  looking  at  the 
superstructure  which  Mr.  Campbell  has  erected  on  a  foundation 
deemed  impregnable,  and  to  sink  the  main  body  of  the  building 
without  even  inquiring  of  what  materials  it  is  composed,  we  will 
Dot  take  our  leave  of  it  without  some  further  inspection. 

Now  the  elevation  of  the  })endant  shoot  upon  the  principle  of  re- 
sisted gravitation,  and  in  the  manner  supposed  by  Mr.  Campbell, 
that  is,  by  a  general  and  progressive  movement  of  the  whole,  may 
be  eflected,  as  Mr.  Campbell  thinks,  by  means  of  the  agency  of  a 
''  buoyant  principle  bearing  up  the  plant  in  which  it  is  enclosed,  as 
the  hydrogen  gas  bears  and  presses  upwards  the  body  of  a  balloon ; 
or  by  drawing  ■  it  upwards  in  consequence  of  its  adbelsion,  as  the 
balloon  rendered  buoyant  by  the  gas  carries  up  the  car  that  is  at- 
tached to  it."  Such  is  the  possibility.  And  the  nest  inquiry  is,  are 
there  any  such  gases  to  be  found  in  the  vegetating  plant?  Hydrogen, 
which  is  of  all  known  gases  the  most  buoyant,  and  consequently  the 
best  fitted  to  Mr.  Campbell's  pifrpose,  is  known  to  exist  in  plants, 
at  least  in  a  state  of  combination  ;  and  Mr.  Campbell  has  been  at 
^^me  pains  to  ascertain  whether  it  does  not  also  exist  it)  them  in  a 
free  state.  But  of  this  he  can  find  no  satisfactory  evidence  ;  and 
Js  obliged,  as  a  last  resort,  to  have  recourse  to  the  agency  of  evapo- 
ration. 

This  theory,  it  may  be  obser\'ed,  is  not  altogether  a  new  one ; 
for  it  is  suggested  and  sanctioned  by  no  less  an  authority  than  that 
<>f  Dr.  Colin  Milne  in  his  Botanical  Dictionary,  which  was 
<)figinally  published  at  least  40  years  ago;  though  1  believe  Mr. 
Campl)ell  to  be  the  first  who  has  undertaken  to  explain  it,  and  to 
^'ablish  its  sufficiency.  Mr.  Campbell  sets  out  by  stating  the  fact 
^^  the  great  quantity  of  water  that  is  daily  thrown  off  in  evaporation 
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by  the  vegetating  plant,  whicli  he  ascribes  chiefly  to  the  agenoy 
the  caloric  that  is  disengaged  duriug  the  forinQtion  of  carbonic  M 
in  the  process  of  vcgeiatioii.  The  caloric  that  is  thus  diseogi^l 
seizes  the  water,  aud  converts  it  into  vapour;  and  ihe  vapour' 
flying  off  communicates  its  buoyancy  to  the  plant,  and  gives  it 
upright  position. 

That  a  great  quantity  of  water  Is  daily  thrown  off  in  evaporaun 
by  the  vegetating  plant,  we  are  ready  to  admit,  whether  it  be 
chiefly  in  the  way  supposed  by  Mr,  Campbell  or  not.  But  we  be- 
lieve that  the  phenomena  of  vegetation  do  not  countenance  thesii|>- 
positioLi  of  its  producing  the  eflect  which  Mr.  Campbell  asc;ibetu 
It;  for 

1.  It  has  been  as  ten  allied  that  the  principal  organs  of  perspiraiiao 
are  the  leaves,  and  that  a  plant  deprived  of  its  leaves  perspires  iwl 
little.  Hence  we  may  infer  that  there  can  be  but  little  of  evapofr 
tion  during  the  process  of  the  germination  of  the  seed,  when  the 
leaf  is  yet  unfolded,  and  the  plumelet  buried  under  the  surface  t( 
the  earth.  Particularly  the  process  of  evaporation  will  be  impeded 
imder  such  circumstances,  if  the  plumelet  is  besides  invested  willi 
some  other  organ  which  it  has  not  yet  been  able  to  throw  ofl*;  as  in 
the  case  of  the  germination  of  the  seed  of  the  beech  and  tir-trec; 
the  former  of  which  has  the  plumelet  invested  with  the  cotyledaa 
and  integuments;  and  the  latter,  with  the  cotyledons,  albuowoi 
and  integuments,  till  the  stem  is  considerably  elevated  above  tiie 
surface.  They  come  up  quite  erect,  and  with  a  load  upon  their 
tops ;  and  though  their  leaves  aie  yet  unfolded,  and  unfavourably 
circumstanced  in  other  respects,  Mr,  Campbell  has  no  other  mean)  I 
of  giving  veiticality  to  the  incipient  stem,  but  that  of  evaporation. 

As  this  is  the  only  point  in  which  my  hypothesis  comes  at  all  into 
contact  with  Mr.  Campbell's,  1  will  beg  leave  to  state  a  fact  or  two 
more,  before  I  take  my  leave  of  the  subject.  On  Sept,  2, 1  filledi 
small  tub  with  fine  garden  mould,  and  planted  a  few  horse -beniK in 
it,  at  the  depth  of  two,  four,  sis,  and  eight  inches,  and  raked  some  in 
on  the  top.  On  the  !Jth,  two  of  the  most  superficial  beans  had  pro- 
truded their  radicles  to  the  extent  of  about  an  inch  downwards,  but 
the  plumelet  had  not  yet  disengaged  itself  from  the  cotyledons.  Oil 
the  12th  1  took  up  all  the  beans.  The  radicles  of  the  uppermost  ata- 
surcd  from  an  inch  to  1-^  inch  in  length ;  the  enlaiged  and  enpaniH 
plumelets  being  nearly  extricated,  and  of  a  green  colour,  andtbe 
stem  just  appearing.  The  radicles  of  such  as  were  at  the  depthoE 
two  inches  measured  from  three  to  four  inches  in  length  ;  the  pla- 
nielcts,  which  were  elevated  on  stents  that  brought  them  quite  to 
the  surface,  though  considerably  deflected,  beginning  to  assiimea 
tinge  of  green.  The  radicles  of  such  as  were  planted  at  sixaod 
eight  inches  deep  measured  about  three  inches  in  length,  theplo* 
melets,  which  were  still  yellow  and  uncspanded,  being  elevated  an 
stems  of  from  two  to  three  inches  in  leiigih,  and  bent  down  from 
the  summit  of  the  stems  iu  the  form  of  hooks.  These  stems  would, 
no  doub^  have  elevuted  the  unci^janded  uliimelets  to  the 
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tartb,  if  they  bad  not  been  thus  prematurely  taken  up.  And 
Ir  power  IS  it  that  enabled  iheoi  to  force  their  way  to  the  point 
^  bad  gained }  Mr.  Camp1)ell  will,  no  doubt,  say  it  is  the  power 
evaporation.  But  circumstances  are  certainly  much  aguimt  the 
<  wpposilion  ;  for  evaporation  cannot  surety  act  with  inch  force  at 
the  depth  of  tix  or  eight  inches,  as  upon  liie  surface ;  so  tliat  if  it 
should  be  able  to  elevate  a  |)end3nt  shoot  or  plumelet  in  the  midst 
of  a  body  of  air  wiiere  the  resistance  from  the  superincumbent  mats 
k  as  nothing,  it  may  not  be  able  to  elevate  the  same  parts  through 
the  midst  of  a  body  of  earth  where  the  resistance  from  the  superin- 
cumbent mass  must  certainly  amount  to  something,  particularly  at 
the  depth  of  six  or  eight  inches.  It  is  true  that  the  formation  of 
carbonic  acid  gas  must  have  been  going  on  from  the  very  commence- 
ment  of  the  process  of  germination,  and  consequently  a  disengage- 
ment of  heat.  But  is  there  none  of  that  heat  (vanted  to  give  tem- 
perature to  the  moisture  that  is  continually  absorbed  by  the  radicle, 
and  to  the  parts  that  are  continually  added  to  the  plant  ?  And  wiU 
not  the  heat  that  is  thus  formed  disuse  itself  by  radiation,  as  ia 
Otiier  cases,  rather  than  fly  up  vertically  to  (he  top  of  the  stem? 
And,  finally,  if  evaporation  is,  after  all,  the  true  and  efficient 
cause  of  the  elevation  of  the  stems  in  question,  to  what  cause,  whe- 
llier  chemical  or  mechanical,  am  1  to  attribute  the  election  of  the 
piaoilet  in  developing,  first  a  stem,  and  then  the  plumelet,  in  the 
esse  of  the  beans  that  were  planted  the  deepest ;  and  in  developing, 
fiisi  the  plumelet,  and  then  a  stem,  in  the  case  of  the  beans  that 
were  the  most  superficial  ?  Mr.  Campbell  himself  will  not  say  that 
(his  was  the  effect  of  evaporation. 
3.  In  the  case  of  plants  whose  leaves  are  completely  evolved,  the 
I  fallowing  facts  have  been  established  by  Millar,  Hales,  orGuettard. 
la  a  hot  and  dry  day  plants  transpire  the  most,  and  in  a  wet  and 
damp  day  they  transpire  the  least.  In  a  hot  and  dry  night  ihey 
transpire  a  very  little ;  but  in  a  wet  or  dewy  night  they  do  not 
transpire  at  all.  Further,  if  transpiration  is  too  abundant  through 
esceas  of  heat  or  drought,  the  plant  suffers,  and  the  leaves  and 
Jiioots  droop,  but  revive  again  during  the  night.  Also  if  my  obser- 
Tations  on  the  shoots  of  tlie  plum-tree  are  taken  into  the  account, 
they  will  be  found  to  tally  precisely  with  the  above  facts.  Now  if 
evaporation  is  the  cause  of  the  upright  growth  of  vegetables,  and 
elevation  of  the  pendant  shoot,  is  it  not  very  strange  that  the  plant 
fhould  hang  its  head  when  the  operation  of  the  uplifting  cause  is  the 
I     greatest,  and  rear  it  again  when  it  is  the  least! 

3,  The  annual  shoots  of  the  weeping  willow  and  ash  do  not  so 
iDQch  as  elevate  even  their  summits  in  obedience  to  the  law  of  gra- 
vitation, though  there  exists  no  aj^parent  reason  why  they  should 
opt  yield  to  that  law  as  well  as  others.  The  hop,  honeysuckle,  and 
rine,  do  generally  elevate  their  summits,  in  obedience,  as  it  may  be 
alleged,  to  the  law  of  gravitation  ;  Aid  yet  the  stem  itself  can  never 
"6  made  to  stand  erect  without  the  assistance  of  a  prop.  The 
peduncle  of  the  crown  imperial  is  pendulous  when  the  plant  is  (a 
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flower^  and  evqponitioo»  as  we  may  loppoie,  at  iti  imucmittfii;  i|i 
yet  the  same  pedancle  becomes  erect  when  the  |dapt  is  in  fralt,  dl 
evapQiBtion  approaching  to  its  nunimum*  If  the  corolla  is  faimiM^ 
like  the  leaves^  with  oigans  of  perquration^  it  ought  to  eletate-^ 
pedancle ;  and  if  not,  then  I  would  ask  what  it  is  that  elevatei.tbe 
corolla  of  the  delicate  meadow  saffiron,  on  its  slender  tobe,  em 
though  it  origini^  at  the  depth  of  sis  or  eight  incbes  below  Ike 
surfiice  of  the  soil  ?  I  would  beg  leave  to  aw^  also,  whethcr'Ae 
agency  of  evaporation  will  account  for  the  following  fact?'  TteM 
shoot  of  a  spruce  fir,  which  was  at  its  height  on  the  15th  of  AotiMr^ 
being  a  foot  in  .length,  and  perfectly  straight,  though  not  verSo^ 
was  on  the.  10th  of  Sept. .  found  to  form^  not  a  straMit  foe,  ai 
before,  but  a  waving  line.  For  about  two  inches  at  the  bottofl^k 
retained  its  original  direction,  to  the  south-west  |  for  about  ftor 
inches  from  that  it  took  a  turn  to  the  north-west;  and  for  die  le- 
xnamder^  it  was  again  inclined,  like  the  base,  to  the  south-west  It 
was  an  efibit  of  the  living  principle  of  the  phint  to  give  vertiadity 
to  the  shoot.  But  will  any  one  say  that.it  vras  the  elect  of  evapa- 
raduo?  The  positidn  cannot  possibly  be  maintained;  fiir'ifl% 
then- you  may  just  as  well  pretend  to  account  for  any  odier^phiop- 
mciDonof  vegetable  life^  by  ascribing  it  to  the  agencj^  of  evaponlip. 

4;.  The  branches  of  plants  are  not,  in  iact,  vertical,  though  i|s 
stem  may  be  so;  but  are  CKtended  in  almost  talldigections  fgiai^lp 
upr^^l^  whidi  means  almost  perpendicular  upwards,'  to  'the^pi: 
fieetady  which  means  perpendicular  downwards.  #  Hey  seem  If 
follow  the  disectioQ  of  the  angle  at  which  the  bud  was  origiaaiiy 
protruded  from  the  stem,  rather  than  to  assume,  a  vertical  positkNi* 
The  same  thing  may  be  said  of  the  leaves  also,  the  peculiar  oigsns 
of  evaporation,  which,  if  they  should  not  always  be  able  to  mi 
verticality  to  the  plant,  might  at  least  be  expected  to  take  it  to 
themselves. 

But  if  the  phenomena  of  vegetation  were  even  more  favourable 
to  the  hypothesis  of  Mr.  Campbell  than  they  are  thus  found  to  bei 
it  does  not  appear  to  me  that  the  agency  of  evaporation  as  a  cause  ii 
adequate  to  the  production  of  the  effect  ascribed  to  it.  If  we  make 
a  calculation  according  to  the  quantity  evaporated  iwm  the  sutfeoe 
of  a  whole  plant  In  a  day,  as  ascertained  by  Hales,  then  we'pu 
easily  determine  the  quantity  evaporated  from  any  given  portioD  (rf 
surface  in  any  given  time.  The  surfoce  of  the  leaves  and  stem  that 
was  the  subject  of  Hales's  experiment  was  56)6  square' inches;  and 
the  mean  rate  of  transpiration  I4-  lb.  in  a  day,  which  we  will  ubi 
at  16  hours  of  sun  light.    Hence  each  square  inch  will  give     ' 


Or. 

In  an  hour,  about * *^ 

• Tnnr 


In  a  second ^ tt^^ 

Such  is  the  very  minute  qiimntity  that  comes  to  the  sbarjs  of  ^a 
square  inch,    iieaves  are,  indeed,  generally  thin;  and  it  may  ^ 
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laid  that  a  very  small  quantity  of  vapour  is  sufficient  to  raise  them. 
But  as  tlie  fiact  is  that  they  are  very  seldom  vertical,  either  the 
quantity  which  they  do  evaporate  is  too  little  to  elevate  them^  or 
evaporation  does  not  tend  to  elevate  the  plant  at  all. 

Or  we  may  make  our  calculation  upon  a  difierent  principle; 
Suppose  the  bent  part  of  a  large  shoot  of  a  spruce  fir  to  weigh  i  oz. 
Troy  (which  is  no  extravagant  supposition) ;  and  if  we  suppose 
that  it  evaporates  in  the  course  of  16  hours  of  sun  light,  a  quantity 
of  water  equal  to  its  own  weight  (which  is  allowing  quite  enough  to 
the  shoot  of  an  evergreen),  then  we  may  ascertain  what  quantity  is 
evaporated  by  the  whole  in  apy  given  time^  which  will  be  as 
followB  :*-• 

Gr. 

In  an  hour    •  •  •  15 

In  a  minute  .  • \ 

In  a  second .^^ 

Now  it  is  impossible  that  .^^  of  a  grain  of  water  in  vapour, 
especially  at  the  temperature  of  the  plant,  should  ever  be  able  to 
nuse  a  weight  equal  to  \  oz.,  since  it  is  known  that  it  would  require 
upwards  of  a  cubic  foot  of  hydrogen  gas  to  do  so,  and  consequently 
much  more  of  vapour.     But  Mr.  Campbell  urges  the  facility  with  . 
which  it  may  elevate  the  shoot  from  tlie  fact  of  its  acting  with  the 
advantage  of  a  lever  power.  This  advantage  will  readily  be  granted, 
md  yet  much  will  not  have  been  gained ;  because  the  |)owcr  is  for 
the  greater  part  disadvantageously  applied,  from  its  being  diflPused 
over  the  whole  surface  of  the  weight  to  be  raised.     Mr.  Campbell 
ttf^y  indeed,  that  its  efficacy  does  not  depend  so  much  upon  any 
jMtent  or  single  effort  as  upon  its  being  ^^  incessant  in  its  opera- 
tfcra.'*    Now  it  is  rather  singular  that  a  writer  s6  well  skilled  in  the 
principles  of  mechanics  as  Mr.  Campbell  seems  to  be,  should  have 
committed  this  slip  with  regard  to  the  agency  of  a  lever  power,  as 
it  must  be  obvious  to  any  one  that  will  give  it  a  moment's  reflection 
that  it  is  instant  force,  and  not  incessant  operation,  that  is  to  produce 
the  effect  in  question;  since  the  lever  does  not,  like  the  screw  or 
wedge,  lessen  at  each  effort  the  amount  of  the  resistance  to  be 
overcome.    The  power  applied  must  be  capable  of  raising  and  sus- 
taining the  whole  of  the  given  weight  without  stop  or  intermission 
(unless  you  are  furnished  with  props*  to  prop  it  as  you  go  on),  till  it 
u  brought  to  the  point  desired ;  otherwise  there  is  no  progress  made. 
If  there  is  a  weight  of  100  lb.  to  be  raised,  and  the  application  of 
the  force  of  my  arm  is  insufficient  to  raise  it  at  one  eflbrt,  it  will 
not  become  sufficient  merely  by  a  number  of  reiterated  trials.    Or 
if  an  aeronaut  has  constructed  a  balloon  which  requires  5000  cubic 
feet  of  hydrogen  gas  to  elevate  the  apparatus  and  himself;  and  if 
he  cannot  produce  more  than  4000  feet,  he  will  never  be  able  to 
gratify  the  curiosity  of  the  spectators  with  the  view  of  the  ascent  of 
his  balloon  merely  by  the  u  '  operation  of  the  4000  feet, 

however  long  he  may  detriM  '  same  reason,  if  the 
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force  of  evaporation  will  not  elevate  any  given  shooi  in  the  iuetiS 
in  which  it  hns  reached  its  maximum,  it  will  not  ultimately  elevate 
it,  even  by  the  incessant  operntioii  of  a  whole  season.  Hence  it 
evidently  (bllows  that  the  agency  of  evaporation  is  iosufhcient  to. 
8ccoi>nt  for  the  elevation  of  the  pendant  shoot,  and  upright  growtli 
of  plants ;  and  that  there  is,  at  lea&t,  one  reason  more  than  Mr. 
Campbell  hud  imagined,  to  despair  of  its  ever  being  accounted  far 
upon  principles  that  are  merely  either  chemical  or  mechanical. 

If  tliese  arguments  should  appear  to  you  to  have  any  weight,  the 
insertion  of  thetn  in  your  Annals  will  much  oblige. 

Sir,  your  most  obedient,  huifhle  aervant, 

Btthtrsdrn,  Hfpt.   18,  1816,  P.    KbITH. 


Article  III. 

Description  and  Use  of  the  Triangnlar  Proportional  Compasses. 
By  Mr.  I,  Narrien,  Optician,  Si.  James  s-street,  tMoAou. 

(With  a  Plate.) 

This  instrument  consists  of  three  legs  of  brass  or  other  metal, 
about  nine  inches  long,  all  of  which  are  moveable  about  a  comtntm 
centre,  which  is  itself  capable  of  being  moved  through  half  lk 
length  of  the  compasses,  for  the  purpose  of  enahling  the  thtet 
points  at  one  end  to  be  opened  to  an  extent  which  shall  be  in  any 
required  proportion  to  that  at  which  the  three  points  at  the  otliec 
end  are  opened,  just  as  is  the  case  with  the  opposite  points  of  ibe 
common  proportional  compasses. 

Fig.  1,  Plate  LVII.,  is  a  perspective  representation  of  the  in- 
strument when  extended;  A  B,  C  D,  E  P,  arc  the  three  legs 
(formed  as  in  the  figure),  which  fit  into  and  slide  through  the 
sockets,  G,  H,  I.  These  sockets  have  tongue  pieces  proceediog 
from  them,  which  are  perforated  in  order  to  receive  the  axes  wliicb 
connect  them  tt^ether,  and  which  serve  as  the  centres  of  tnotioo  of 
the  legs.  The  tongues  belonging  to  the  sockets  G  and  R  sr«  made 
to  lie  over  each  other,  and  a  solid  cylindrical  asis  about  a  quarter  of 
an  inch  in  diameter,  the  end  of  which  appears  at  K,  is  made  to  pass 
through  both  holes.  Upon  this  axis  the  legs  A  B,  C  D,  turn  rounii 
in  planes  parallel  to  each  other,  and  may  be  opened  to  any  extfn' 
required.  Across  the  end,  K,  of  this  cylinder  a  notch  is  sawB 
down  about  a  quaiter  of  an  incli  in  the  direction  of  the  axis  of  \)x 
cylinder.  Into  this  notch  the  tongue  of  the  socket  I  is  inserted,  U 
it  appears  in  the  figure,  and  is  held  there  by  a  steel  axis  passing  ) 
through  the  cylinder,  and  through  tlic  perforation  in  the  tongue,  at 
right  angles  to  the  axis  of  the  cylinder. 

By  these  means  the  leg  E  F  has  two  motions ;  one  of  which,  in 
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I  plane  always  perpendicular  to  tliat  of  the  other  legs,  is  obtained  by 
urning  it  round  upon  the  steel  axis  which  goes  through  the.. 
:ylinder,  and  the  other  by  turning  the  cylinder  itself  round  upoa 
ts  own  axis.  To  perform  this  latter  motion  conveniently,  a  l^ver, 
)art  of  which  is  seen  at  L,  is  fixed  al  the  other  end  of  the  cylinder. 

When  the  legs  of  the  instrument  are  all  shut  together^  the  points 
\.£  Cy  and  the  points  D  FB^  are  made  to  coincide  with  each  other 
respectively,  the  common  centre  of  motion  of  the  three  legs  falls 
n  the  line  joining  the  points  at  the  opposite  ends  of  the  instrument^ 
md  the  steel  axis  passing  through  the  cylinder  is  precisely  at  right 
iDgles  to  this  line. 

Small  pins  of  steel  are  placed  at  a  and  b^  and  corresponding 
notches  are  made  at  c  and  d;  so  that  when  the  three  legs  of  the 
compasses  are  brought  together,  the  pins,  a^b,  fall  into  the  notches^ 
c,  df  and  keep  the  whole  instrument  steady,  that  the  legs  may  not 
slip  while  the  centre  piece,  K^  is  moved  wherever  it  may  be  re-* 
quired. 

A  perforated  steel  bar^  M  N^  with  an  adjusting  screw  at  N,  is 
fixed  to  the  two  legs,  A  B,  CD,  by  which  means  the  points,  A  C^ 
may  be  moved  with  precision  to  any  given  points;  and  by  lightening 
the  finger  screw,  M,  the  legs  may  be  fixed  in  that  position. 

OP,  P  Q,  are  two  other  steel  bars,  which  turn  freely  upon  tht 
pivots,  O,  P^  Q ;  and  being  of  equal  length,  and  fited  at  equal  dis-* 
taaces,  from  the  centre  of  motion,  when  the  leg  £  F  is  made  to 
lie  over  the  centre,  P,  the  plane  of  this  leg  bisects  the  angle  formed 
by  the  other  two  legs.  At  P  is  fixed  a  citcular  plate,  which  tumd 
upon  its  centre,  and  to  which  is  attached,  by  a  universal  joint,  one 
end  of  a  steel  bar.  '  This  bar  applies  to  the  leg  £  F  at  R,  and  serves^ 
^  keep  it  fast  in  any  position  in  which  it  may  be  placed^  being 
ightened  there  by  a  screw  in  a  universal  joint  for  that  purpose. 

When  the  instrument  is  in  its  case,  the  bar^  M  N,  is  detached 
rom  the  legs,  for  the  sake  of  portability.  Therefore,  when  the 
Dstrument  is  to  be  used,  it  must  first  be  replaced.  This  is  done  by 
litting  the  pillar  at  N  into  a  hole  made  in  the  leg,  C  D,  to  receive 
',  where  it  is  retained  by  tightening  a  little  finger  screw  which  just 
ppears  at  e.  The  bar  is  made  to  lie  over  a  pillar  at  M,  where  a 
;rew  is  also  applied  to  make  it  fast  when  required. 

The  usual  scales  of  lines,  planes,  solids,  apjd  polygons,  together 
ith  a  new  one  for  laying  down  angles,  are  piaced  upon  the  two 
igs^  A B,  CD.  These  scales  are  to  be  u^ed  as  they  would  be 
hen  applied  to  the  common  proportional  compasses.  But  in  these 
liter  we  are  limited  to  the  determination  of  a  single  line  by  each 
peration  with  the  instrumeut ;  whereas  by  the  compasses  now  de-* 
bribed,  we  are  able  to  obtain,  as  far  «^  concerns  the  reduction  of 
nes  and  superficies,  three  lines  ^  opce,  with  nearly  the  same 
icility  as  one  is  found  by  the  other  instrument.  For  while  the 
igs  of  the  compasses  are  closed,  the  sockets,  G«  H«  I,  may  be 
loved  together  to  any  part  of  the  legs,  aecorc  Dportioa 

equired  to  subsist  between  the  distanqes  of  tbi  \C^  £i 
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at  one  end,  and  the  distances  of  ihe  iliree  points,  B,  D,  F,  ai  the 
other.  Then  if  the  socket  G  is  brought  to  any  one  of  the  divisions 
of  the  line  of  lines,  on  opening  the  compasses  so  as  to  make  itie 
three  points  at  one  end  coincide  with  any  three  given  points,  the 
three  points  at  the  other  end  will  form  a  triangle,  whose  sides  will 
have,  to  the  sides  of  the  one  given,  a  proportion  indicated  by  the 
number  of  the  division  at  which  the  socket  Is  placed. 

For  example,  if  it  were  required  to  construct  an  isosceles  triangle, 
the  lengtlis  of  whose  sides  sliould  be  equal  respectively  to  half  those 
of  a  given  isosceles  triangle,  as  T  V  U,  Fig.  2.  Proceed  thtis: 
move  all  the  sockets  together,  till  that  extremity  nearest  to  A,  of 
the  socket  G,  comes  to  the  second  division  of  the  scale  of  lines; 
and  there  make  them  fust  by  means  of  the  little  6nger  screw  placed 
in  each.  Open  the  points.  A,  C,  to  the  extent  of  T  U,  the  b« 
of  the  given  triangle ;  and  make  it  fast  by  tightening  the  screw  at 
M.  Then  if  the  third  leg,  E  F,  does  not  lie  directly  over  the 
centre  of  the  joint  at  P,  it  may  be  brought  into  that  position  hv 
turning  the  cylindrical  axis  by  means  of  the  lever  at  L.  When  thii 
is  done,  its  plane  bisects  the  angle  formed  by  the  two  legs,  A  E, 
CD;  and  it  may  be  kept  in  this  plane  by  making  tight  a  screw, 
whose  head  appeai^s  at  X  (Fig.  I ),  which  is  placed  on  the  cylinder 
Ibr  that  purpose.  The  leg  E  F  may  now  be  moved  by  hand  In  ihii 
plane;  so  that  if  the  points  A  and  C  coincide  with  T  and  (J,  the 
point  E  will  move  in  the  direction  of  Z  V,  perpendicular  to  T  U 
and  the  three  points,  A,  C,  E,  will  always  form  the  sides  of  a  given 
isosceles  triangle,  as  T  V  U.  When  the  point  E  coincides  with  V( 
the  leg  E  F  may  be  fixed  in  that  position  by  turning  the  bar,  P  R, 
till  it  lies  by  the  side  of  the  jointed  piece  at  R,  to  which  it  may 
then  be  made  fast  by  tightening  (he  finger  screw  placed  there  for 
the  purpose.  If  the  compasses  are  now  inverted,  so  that  the  poiaB 
B,  D,  F,  are  brought  to  the  paper,  those  points  will  form  a  similar 
isosceles  triangle  whose  sides  will  be  respectively  equal  to  lialf  of 
those  of  the  given  triangle. 

When  it  is  required  to  reduce  an  oblique  triangle,  as  d  ef.  Fig.  3, 
in  any  proportion,  the  two  points,  A,  C,  may  Iw  brought  to  d  and  t, 
and  the  point  E  to  f.  Then  the  tliree  points,  D,  B,  F,  being 
applied  to  the  paper  will  form  the  three  sides  of  a  triangle  simitar 
to  the  former,  but  in  a  reversed  position,  as  d'  e'  f.  Fig.  4.  Tliis 
reversion  of  the  Hgure  may,  in  some  cases,  be  considered  as  an  in- 
(ranvenience ;  but  it  may  he  remedied  by  using  the  following 
process : — Apply  the  point  B  to  d',  and  with  the  point  E  strike  an 
arc  about_^".  Then  applying  the  point  A  to  e*,  with  E  across  the 
former  arc  in  J",  the  triangle  a' t' J'"  will  be  precisely  similarfo 
the  one  given. 

In  a  similar  manner,  by  bringing  the  socket  to  any  division  on 
the  line  of  planes,  a  triangle  may  be  found  whose  superfides  will  be 
to  that  of  the  given  triangle  in  a  proportion  indicated  by  the 
number  on  the  scale. 

Maps  or  plans  of  any  kind  may  be  enlarged  or  redi 
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pcoportion  by  means  of  this  instrument  with  great  facility^  either 
drawing,  or  supposing  to  be  drawn,  over  them  a  number  of  isosceles 
triangles^  and  setting  the  instrument  so  as  to  obtain  other  triangles 
similar  to  them,  by  which  means  the  position  of  every  point  required 
may  be  determined.  For  example,  extend  the  legs  of  the  com- 
passes till  the  points,  A  and  C,  lie  on  two  of  the  points  given  in  the 
original  plan.  Then  having  brought  the .  leg  E  F  into  a  plane 
bisecting  the  angle  formed  by  the  other  two  legs,  as  before  snown^ 
move  it  in  this  plane  till  the  point  £  falls  upon  some  other  point 
in  tlie  given  plan,  as  a  town,  the  bend  of  a  river,  or  any  other 
ohject.  Then  the  three  opposite  points  of  the  compasses  will  form 
a  similar  triangle,  which  may  be  transferred  to  the  intended 
^rawing. 

It  has  been  already  said  that  there  is  a  scale  of  degrees  added  to 
this  instrument  for  the  purpose  of  laying  down  angles  on  paper. 
Hie  method  of  using  it  is  as  follows : — Slide  the  index  of  the  socket 
to  the  division  on  the  scale  of  angles,  which  expresses  the  number 
of  degrees  in  the  required  angle  (suppose  40^).  Then  open  the 
points.  A,  C,  of  the  compasses  to  any  extent  at  pleasure,  ana  setting 
one  foot  in  the  given  line  k  I  (Fig  5),  at  the  place  intended  for  the 
angular  point,  with  the  other  foot  strike  an  arc,  as  lm»  Then 
set  one  of  the  points,  B  or  D,  in  Z;  with  the  other  cross  the  arc 
io lUf  and  draw  the  line  Am;  the  angle m  kl  contains  40^. 


Article  IV. 


Further  Account  of  the  Aluminous  Chalybeate  Sprins  described  in 
the  Annals  for  Jvly,  1816.    By  Thomas  Lauder  Dick,  Esq. 

(To  Dr.  Thomson.) 

SIRy  RelugaSy  near  Forrea,  July  9,  1816. 

In  your  number  for  this  month,  which  has  just  reached  me,  I 
observe  you  have  done  me  the  honour  to  insert  my  account  of  the 
llmninous  chalybeate  spring  at  Fountain  Hall.  In  that  communi- 
calioD  I  stated  that  a  longer  course  of  barometrical  observations, 
contrasted  with  those  made  at  the  same  time  to  mark  the  alternations 
if  the  spring,  would  be  necessary  to  establish  ihe  theory  I  had  ven- 
tured to  suggest  as  an  explanation  of  the  phenomena  attending  it. 
My  ftther  having  lately  sent  me  the  continuation  of  his  register, 
which  has  been  kept  with  the  utmost  accuracy  according  to  the 
plan  proposed,  I  am  now  enabled  to  send  you  the  following  copy  of 
it  I  need  not  here  repeat  my  explanation  of  the  letters  employed 
sa  contractions,  as  they  have  been  already  given  in  your  43d 
number,  t  may  mention,  however,  that  the  different  quantities 
jfischaiged  by  the  spring  in  the  space  of  a  minute  are  here  marked 


I 
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ID  Eoglish  pints,  the  water  having  been  received  ia .  a  pits  ?^' 
that  length  of  time,  and  then  measured.  The  observatio  J  ^^ 
generally  made  at  six,  o'clock  in  the  morning,  and  four  tfS*  *^ 
the  afternoon*  ^V   ^^ 

Regisier  of  ike  ifUermitieni  Appearances  in  ihe  iFoimtfidna^  ^ 


Chalybeate  Spring,  <xmtinued. 

1816. 


^     > 


March  29,  M,  (as  given  before)  10  in.    T,  3S  deg.     B,  89*66  in.-— A«  8  iii.l^ 

deg.     B,  29-68.  -»         «  ^ 

21»  M,  S  in.    T,  86  deg.      B,  29*48  inches.— -iL,   4ft  in.     T,  49 

B,  29*52  inches. 
829  M,  6  in.    T,  81  deg.    B,  29*70  inches.— A,  6  in.     T,  44  de^^ 

29-79  inches. 
eSy  M,  6ft  in.    T,  30 dcy.    B,  8990  inches.^A,  5  in      T,  46  icg. 

29-96  inches. 
24,  M,  Sft  in.    T,  36  deg.    B,  89*88  inches.— -A,  3ft  in«    T,  45  drg« 

89*88  inches. 

85,  M,  2ft  in.    T,  84  deg.    B,  29-79  inches.-^,  3  in.     T,  45  de|. 

29*79  inches. 

86,  M,  3  in.    T,  36  deg.    B,  29*88  inches.— A,  4  id.    T,  46  dec. 

89*90  inches. 

87,  M ,  S  in.    T,  36  deg.    B,  29*90  inches.— A,  2ft  in.    T,  41  deg. 

89-80  inches. 

88,  M,  8  in.    T^  34  deg.    B,  28*84  inches.— A,  2  in.    T,  41  deg. 

89*81  inches. 
89p  11>  8  in.    T,  94  deg,     B,  89*81  inches.— A,  2i  in.    T,  37  deg. 

29*85  inches. 
30,  M,  2ft  in.    T,  33  deg.    B,  29*85  inches.— A«  2  in.    T,   38  deg. 

89*85  inches. 
81,  M,  3  in.    T,  34  deg.    B,  29*85  inches.- A,  2^  in.    T,  40  deg. 

29-81  inches. 
April  1,  M9  1  in.    T,  30  deg.     B,  29*77  inches.— Eleven  o'clock  forenoon, 

in.— A,  F.    T,  42  deg.     B,  29*59  inches.— Six  o'clock  evening, 

2,  M,  F.    T,  34  deg.     B,  29*48  inches.— A,  i  in.    T,  44  deg.    B,  29* 

inches. 

3,  M,  2ft  in.    T,  32  deg.    B,  29*57  inches.— A,  8ft  in.    T,  43  deg.   B, 

29*68  inches 

4,  M,  3  in.    T,  34  deg.     B,  29*72  inches.— A,  2ft  in.    T,  37  deg.    B, 

29-77  inches. 

5,  M,^  ft  in.    T,  34  deg.  B,  29*66  inches.— Two  o'cloclc.  A,  R,  hot  hardly 

perceptible. — Four  o'clock.  A,  R,  the  thickness  of  a  goose-qsiU. 
T,  42  deg.     B,  29*47  inches. 
69  M,  discharge  increase^,  and  now  equal  to  the  thickness  of  the  little  •« 
finger.    T,  37  deg,     Bl,  29*27  incbes.-^en  o'clpck,  R,  above  tws    ] 
'     pints.— Four  o'clock.  A,  R,  increased^  considerably.     7,  44  drg. 
B,  29*18  inches. — Six  o'clock  evening,  R,  diminished. 

7,  M,  R,  Increase^.    T,  34  deg.     B,  29*04  inches.  Ground  thinly  covered 

with  snow.— A,  R,  diminished.  T,  38  deg.  B,  29*08  inches.  Fr^ 
qiient  showers  of  sleet. 

8,  M,  R,  hardly  perceptible.    T,  33  deg.    B,  29*08  inches.    Stopt  t 

leak  in  thechi^nnel,  when  the  R  from  the  basin  of  the  well  incroued 
to  the  thickness  of  a  goose-quill.— A,  R,  1ft  pint.  T,  37  deg. 
B,  29*00  inches.  A  great  fall  of  sleet  during  the  day.— Six  o'clock 
evening,  ft  in. 

9,  M,  4  in.    T,  35  deg.    B,  29*1 6  inches.    A  great  fall  of  rain  last  nigbt. 

—A,  Sft  in.    T,  40  deg.     B,  29*23  inches. 
10,  M,  3  in.    T,  36  deg.    B,  29*25  inches.— A,  2ft  in.    T,  37  deg.    B, 

29*30  inches.    A  high  wind  at  north-east,  .with  a  great  deal  of  raio. 
11^  M,  3  in.    T;;  38  deg.    B>  29*39  inches.    A  great  fall  of  rain  ftvo^ 
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north-eait,  which  ftill  continiicf .— A«  3  in.    T,  39  dtg,    B,  S9*17 
'    inches.    Wind  north-east.    A  fog,  and  drizxlio^  raio. 
M,  2  10.    T,  37  des:.    B,  29*52  inches.    Wind  north-east—A,  2  io. 
T,  40  defc.     B,  80*58  inches.    A  cold  wind  from  north-east. 
'15,  My  1  in.    T,  SO  deg.     B,  29*56  inches.    Gronnd  thrniy  covered  with 
snow.    High  north-east  wind. — Eleven  o'cIocIl  forenoon,  |  in. — A, 
R.    T,  35  deg.    B,  29*38  inches.— Ten  o'clock  at  night,  T,  28  deg. 
f4,  M^  R,  increased,  and  equal  to  a  large  goose-quill.    T,  37  deg.    B, 
29*25  inches.— A,  R,  diminished.    T,  37  deg.     B,  29*24  inches. 

16,  M,  I  in,  T,  30 deg.  B, 2927  inches.— A, F.  T,  40 deg.  B,  29*2T 
inches. 

^  16,  M,  R.  T,  34  deg.  B,  29*14  inches.  Sleet  falling.— Ten  o'clock  forv- 
noon,  R,  ^  pints.— A,  R,  7^  pints.  T,  44  deg.  B,  29-02  inches.^ 
Seven  o'clock  evening,  R,  8  piou.    B,  28'76  inehes. 

17,  M,  R,  5  pints.  T,  35  deg.  B,  28*94  inches.^Ten  o'cloek  forenoon, 
F.  B,  29*00  inches.— A,  2  in.  T,  42  deg.  B,  29*10  inches.  A 
heavy  shower  of  hail. 

18,  M,  li'Ic.    T,  34  deg.     B,  29*13  inches.    Snow  covering  the  gronnd, 

and  still  falling.— A,  )  io.  T,  36  deg.  B,  29*13  Inches.  A  great 
fall  of  sleet,  which  still  continues. — Seven  o'clock  evening,  R.  B, 
29*09  inches. 
-  19,  M,  1  in.  T,  30  deg.  B,  29*-10  inches.  Snow  two  inches-deep ;  trees, 
hedges,  and  bushes,  completely  powdered.— A,  2  in.  T,  44  deg. 
B,  29*24  inches.    Snow  all  melted.  '  .    ' 

20,  M,  4  in.    T,  34  deg.     B,  29*49  inches.— A,  4  in.    T,  46  deg.     B, 

29*50  inches. 

21,  M,  i  in.    T,  38  deg.     B,  29*42  inches.— Eleven  o'dbck  forenoon,  F. 

—A,  R,  a  very  little.    T,  57  deg.     B,  29*38  inches. 

22,  M,  F.    T,  37  deg.     B,  2937  inches.— A,  {  in.    T,  53  deg.    B,  29*42 

inches. 

28,  M,  li  in.  T,  40  deg.  B,  29*54  inches.— A,  1^  in.  T,  47  deg.  B, 
29-60  inches.  i 

24,  M,  I  in.    T,  39  deg.  B,  29*66  inches.— A,  i  in.    T,  42  deg.   VB, 

29*70  inches.     Wind  east.     A  thick  drizzling  fog.  \ 

25,  M,  J  in.     T,  38  deg.     B,  29*77  inches.— A,  I  in.    T,  43  deg,    B, 

29*82  inches.     A  thick  fog  from  the  east  all  day.  » 

28,  M,  F.  T,  36  deg.  B,  2987  inches.— A,  R,  a  little.  T,  52  deg.  B, 
29*79  inches.     A  fog  in  the  morniiig,  but  now  dispersed. 

27,  M,  R,  but  little.    T,  43  deg.     B,  29*72  inches.— A,  R,  increased  a 

little.    T,  43  deg.     B,  29*70  iQcbes.— A  thick  easterly  fog  all  day. 

28,  M,  R,  not  measured,  but  supposed  to  be  3  pints.   T,  39  deg.    B,  29*56 

inches.— A,  R,  not  less  than  6  pints.  •  T,  55  d<>g.     B,  29*38  inches. 

29,  M,  R,  9  pints.    T,  45  deg,     B,  29*25  incbe8.-^Ten  o'clock  forenoon, 

R,  10  pints.— A,  R,  9  pints.— T,  50  deg.    B,  29*20  inched. 

30,  M,  R,  bi  pints.    T,  44  deg,     B,  29*22  inches.— A,  R,  4|  pints.    T, 

49  deg.     B,  29*27  inches. 
liay  1,  M,  R,  4  pints.    T,  45  deg.    B,  29*24  ineh^. — ^Ten  o'clock  forenoon, 
R,  Si  pints.— A,  R,  3^  pints.     T,  51  deg.     B,  29*24  inches. 
'      2,  M,  R,  1  pint.    T,  42  deg.     B,  29*80  inches.- A,  R,  1^  pints.    T,  ,50 
deg.     B,  29*35  inches.    Thunder  and  rain. 
5,  M,  R,  24  pints.     T,  43  deg.     B,  29*35  inches.— A,  R,  3  pints.    T,  46 
deg.     B,  29*35  inches. 

4,  M,  R,  but  quantity  so  small  as  not  to  be  measnrable.     T,  42  deg,     B, 

29*50  inches.— A,  R,  stopped,  but  F.    T,  62  deg.    B,  29'58  inches. 

5,  M,  R,  not  measured,  but  supposed  to  be  4  pints.    T,  47  deg.     B, 

29*42  inches.— A,  R,  increased.    T,  54  deg.  B,  29*30  inches.— Seven 
o'clock  evening,  R,  supposed  not  less  than  8  pifits. 

6,  M,  R,  2i  pints.    T,  47  deg.     B,  29*42  inches.— A,  R,  1  pint.    T,  47 

deg.     B,  29*55  inches. 
7»  M,  R,  H  pints.    T,  46  deg.     B,  29*48  inches.— A,  R,  nearly  10  pints. 
T,  50  deg.     B,  29*40  inches.— Seven  o'clock  evening,  R,  11  pints. 
•'  '    ,      T^  46  deg.    B,  29*28  inches.    A  wetting  rain  aU  day,  and  now 
very  heavy. 


344        On  the  Chah/heaU  Spring  ai  fhimfom  HalL        \^ 

8,  M,  R,  Hi  pints.     T,  43  deg.      B,  89*80  india.-T-A,  R,  11  potv 

T,  46  deg.    B,  89*18  ioches. — Sevea  o'clvck  eveniofv  R»  il  piotk 

9,  M,  R,  5^  pints.    T,  40  deg.    B,  ^'23  inches.    A  great  fall  of  raia  lit 

Dight.— A,  R,  3  pints.    T,  48  deg.    B,  89*30  Uches. 

10,  M,  R,  7  pints.    T,  37  deg.    B,  2a-84  iocf)es.^A,  R»  10  pintk    T,  41 

deg.     B,  29*14  inches. — Sey en  o'clock  e?ciiing,  R,  II  pints. 

11,  M,  R,  11  pints.    T,  35  deg.     p,  89*10  inches.    Snow  lying- in  some 

S laces. — A,  R,  11  pints,    ty  4d  deg.  *  B,  89*09  iachosb     Freqaent 
lowers  of  hail  and  sleet. 

12,  M,  R,  apparently  as  last  nighty    T,  at  five  o'clock,  S4  dcr.     B,  89*10 

inches.  The  roof  of  the  house  aod  the  grass  white  with  snow.— A, 
R,  apparently  increased.    T,  48  deg.    B,  89*13  inches. 

13,  M,  R,  13  pints.    T,  38  deg.     B,.  89*20  inches.     N.  B.  On  Satirdaj 

last,  the  11th,  in  the  evening,  the  well  was  cleared  eut;  and  wbilit 
the  work  was  going  on,  the  discharge  evidently  increased,  and  bai 
since  continued  to  do  so. — A,  R,  10^  pints.  T,  50  deg.  B,  89*29 
inches.— Eight  o'clock  eveoing,  R,  lOi  pints. 

14,  M,  R,  supposed  as  lost  night.    T,  48  deg.     B,  89*38  Ioches.— Ten 

o'clock  forenoon,  R,  8  pints. — A,  R,  apparently  the  same.  T,  53 
deg.     B,  89*44  inches. 

15,  M,  R,  lOi  pints.    T,  45  deg.     B,  29-50  inches.— A,  R,  16}  pints.   T, 

55  deg.     B,  29*49  inches. — Eight  o'clock  evening,  |t,  17  pints. 

16,  M,  R,  18  pints.    T,  49  deg.     B,  89*48  inches.— A,  R,  80  pints.   T, 

62  d^.     B,  29*46  inches.— Eight  o'clock  evening,  B^  80  pints. 

17,  M,  R,  80  pints.    T,  50  deg.     B,  29*43  inches.     Soft  showers  of  raio. 

—A,  R,  17^  pints.  T,  55  deg.  B,  89*48  inches^— Eigbt  o'clock 
evening,  R,  17  pints. 

1 8,  M,  R,  14  pints.    T,  45  deg.     B,  89*57  inches.— A,  R,  15  pints.    T,  52 

deg.     B,  89*60  inches. 

19,  M,  R,  apparently  increased.    T,  46  deg.     B,  89*60  inches.— A,  B, 

strong.    T,  53  deg.     B,  89*58  inches. 
80,  M ,  R,  20  pints.    T,  48  deg.     B,  89*58  inches.— A,  R,  21  pints.    T,  5S 
deg.     B,  29*57  inches. 

21,  M,  R»  19  pints.     T,  49  deg.    B,  89*60  inches.— A,  R,  18}  pints.  T, 

62  deg.     B,  29*64  inches. 

22,  M,  R,  18  pints.    T,  45  deg.     B,  29*69  inches.— A,  R,  17  pints.    T,45 

deg.     B,  29*74  inches. 

23,  M,  R,'20  pints.     T,  44  deg.     B,  29  76  inches.— A,  R,  21  pints.   T, 

54  de^.     B,  29*80  inches. 
84,  M,  R,  S2i  pints.    T,  46  deg,     B,  29*77  inches.— A,  R,  30  pints.  T, 
59  deg.     B,  29'62  inches.— Eight  o'clock  evening^  R,  31  pints. 

25,  M,  R,  33  pints.    T,  52  deg.     B,  29*40  inches.— Ten  o'clock  forenooa, 

R,  S6|  pints.— A,  R,  32|  pints.  T,  46  deg.  B,  29*41  inches 
Eight  o'clock  evening,  R,  27^  pints.     B,  29*50  inches. 

26,  M,  R,  apparently  as  last  night.    T,  45  deg.     B,  29*59  inches.— A,  R) 

not  measured.     T,  51  deg.     B,  29*41  inches.     ' 

27,  M,  R,  17i  pints.     T,  44  deg.    B,  29*65  inches.— A,  R,  80  pints.   T, 

6.3  deg.     B,  29*80  inches. 

28,  M,  R,  29i  pints.    T,  48  deg.     B,  29*67  inches.— A,  R^  84  pints.   T, 

58  <\c^.     B,  29*70  inches. 

29,  M,  R,  25i  pints.    T,  48  deg.     B,  29*69  inches.— A,  R,  89J  pints. 

T,  56  deg.  B,  89*55  inches.— Eight  o'clock  in  the  evening,  B,  34 
pints. 

30,  M,  R,  33  pints.    T,  47  deg.     B,  29*50  inches.— A,  R,  30  pints.   T, 

58  d^.     B,  29*50  inches. 

31,  M,  R,  29J  pints.     T,  46  deg.     B,  29*49  inches.     A,  R,  28}  pints.    T, 

57  deg.     B,  29  69  inches. 
June  I,  M,  R,  22  pints.    T,  45  deg.     B,  29*56  inches.— A,  R,  25  pints.  T,  55 
deg.     B,  29*53  inches. 

2,  M,  R,  evidently  increased.     T,  50  deg.     B,  29*43  inches.— A,  R,  <l«* 

creased  considerably.     T,  58  deg.     B,  29-58  inches. 

3,  M,  R,  apparently  increased,  and  measured  22^  pints.      T,  50  drg. 

B,  29*50  inches.— A,  R,  20  pints.    T,  56  deg.    B,  29*59  inches. 
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4y  M,  R,  31  pints.     T,   49  deg.      B,   29*49  iiicbeB.--Ay  R,  31}  pints. 

T,  46  dfg.    B,  S9'46  inches. 
5y  M,  Ry  32  pints*    T,  44  deg.    B,  29*46  inches.— A,  R,  SO^  pints.    T, 

48  deg.    B,  29*42  inches. 

6,  M,  R,  92i  pints.    T,  42  deg.    B,  29*50  Inches.— A,  R,  22^  pints.    T, 

53  deg.     B,  29*59  inches. 

7,  M,  Ry  31   pints.    T,  50  deg.     B,  29*37  inches.— A,  R,  37  pints.    T, 

54  deg.     B,  29*30  inches. 

6,  M,  R,  36  pintd.  T,  44  deg.  B,  29*23  inches«*-A»  R,  38^  pints.  T, 
48  deg.    B,  29*18  inches.— Eight  o*cloclc  evening,  R,  38}  pints. 

9,  M,  R,  apparently  as  last  night.  T,  43  deg.  B,  29*17  inclies.— A,  R, 
diminished.    T,  54  deg.     B,  29*17  inches. 

10,  M,  R,  18^  pints  (being  20|  pints  less  than  8tb  A).    T,  44  deg.     B^ 

29*29  inches.— A,  R,  12}  pints.    T^  56  deg.     B,  29*60  inches. 

11,  M.  R,  12}  pints.    T,  48  deg.     B,  29*50  inches.— A,  R,  19}  pints. 

T,  55  deg.     B,  29*59  inches. 

12,  M,  R,  20i  piuU.    T,  54  deg.  .  B,  29*55  inches.^A,  R,  27^  pints.     T, 

58  deg.     B,:  29*48  inches.  • 

13,  M,  R,  22}  pints.    T,  53  deg.     B,  29*50  inches.— A,  R,  28^  pints.    T, 

62  deg.     B,  29*45  inches. 

14,  M,  R,  15i  pints.    T,  48  deg.     B,  29*67  inches.— A,  R,  25  pints.    T, 

57  deg.     B,  29*70  inches. 

15,  M,  R,  18}  pints.    T,  48  deg.    B,  29*77  inches.—- A,  R,  19  pints.    T, 

60  d^.     B,  29*77  inches. 

16,  M,.  R,  visibly  increased.    T,  48  Ac%.    B,  29*72  Inches.— A,  R,  de- 

creased.   T,  60  deg.     B,  29*69  inches. 

17,  M,  R,  27i  pints.    T,  46  deg.     B,  29*67  inches.— A,  B,  29  pints.    T, 

62  deg.     B,  29*59  inches. 

18,  M,  R,  31  pints.    T,  51  deg.     B,  29*50  inches.— A,  R,  28}  pints.    T, 

58  deg.     B,  29-50  inches. 

19,  M,  R,  25  pints.    T,  53  deg.    B,  29*54  inches.    A  fin«  moderate  rain 

last  night  and  this  morning.— A,  R,  25}  pints.  T,  60  deg.  B,  29*59 
inches.  Showers  of  rain  continue  to  fall. — Six  o'clock  CTening 
thnnder,  and  a  heavy  rain,  for  near  lialf  an  liour. 

20,  M,  R,  18}  pints.    T,  50  deg.     B,  29*69  inches.— A,  R,  20  pints.    T, 

67  deg.     B,  29-73  inches. 
^1,  M,  R,  18}  pints.    T,  54  deg.     B,  29*76  inches.— A,  R,  25  pints.    T, 
09  deg.     B,  29*74  inches. 

Many  of  the  results  in  the  foregoing  extensive  register  of  careful 
d  accurate  observations  will  appear,  at  first  sight,  to  militate 
Eiiost  a  theory  attributing  the  intermittent  appearances  of  the 
ing  in  question  to  the  variations  of  atmospherical  pressure ;  as  the 
pression  of  the  water  of  the  basin,  or  the  increase  of  the  discharge 
im  it,  are  by  no  means  invariably  attended  by  an  elevation  of  the 
srcurial  column  in  the  former  case,  or  its  fall  in  the  latter.  Many 
stances  even  of  the  very  contrary  arrangement  will  be  observed. 
)r  will  the  following  table  of  the  averages  of  the  height  of  the 
rometer  during  the  different  states  of  the  water  of  the  spring, 
pear  altogether  unequivocal,  though  a  nearer  approximation  to  a 
nespondence  with  the  theory  will  be  remarked  in  it.* 

*  In  order  to  curtail  the  table  as  much  as  possible,  I  have  classed  the  measures 
Uch  have  fractions  attached  to  them  with  those  of  the  number  of  pints  under 
tt;  as,  for  instance,  1  have  classed  18}  pints  amongst  the  resuljs  of  18  pints. 


^«         d*  the  Chalfjbeata  Sprit^  al  Pauntaia  Hatt.        [K 


No. 

8t»te  of  Ih.;  wawr  of 
tbe  bum. 

Number  <»f 
obMriiUioDi. 

Average  of  the 
twrumeler. 

1 

Rnnninj  oter  89  pinu 

'; 

son  incbM 

11 
IS 

87 

„ 25 

20-55 
2958 

n 

18 

29-5T 

99 

1 13 

S9-5S 

27 

3§'10 

30 

5 

£913 

Si 

37 

Rtmniag  under   1 

Boiiu  brim  full. 
Beioir  the  bnm     I  inch 

S9'38 
99M 
29A0 

:::;::;;::::::  i* 

4A 

41 

3 

6 

29-96 

S9-71 

:;:::::;::;:::  s 

50 

10 

S9-6S 

But  notwithstanding  the  various  anomalies  atTorded  by  this  tit 
there  still  appears  in  it  enough  of  correspondence  between  ibfli 
of  the  barometer  and  the  depression  of  the  water  in  the  basil 
the  well,  and  vice  versA,  to  satisfy  us  that  atmospherical  prewiT 
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le  grand  controlling  cause  of  the  phenomena;  although  I  certainly 
el  inclined  to  attribute  more  influence  now  than  I  did  formerly  to 
le  operation  of  those  other  modifying  causes  which,  as  1  already 
inted,  must  exbt  in  the  interior  of  the  coal  wastes.  It  is  true  that 
!>  regular  gradation  of  increase  in  the  altitude  of  the  mercurial 
)Iumn  is  observable  in  the  foregoing  table ;  yet  we  perceive  a 
sneral  tendency  in  the  barometer  to  rise,  proceeding  from  No.  1 
>wnwards.  But  what  place<(  the  probability  of  the  truth  of  the 
leory  in  a  still  stronger  light,  is  the  drawing  of  a  dividing  line  in 
le  scale  of  the  whole  alternations  of  the  spring.  Let  us,  for 
sample,  take  what  will  probably  be  considered  as  the  most  natural 
oint  of  division,  vizi  that  which  marks  the  basin  hs  fully  but  not 
anning  over;  and  we  shall  find  that  the  average  height  of  the 
arometer  applying  to  the  whole  observations  which  are  stated  to 
lave  been  above  this  point,  will  be  about  29*44  inches.  On  the 
ither  hand,  the  average  of  the  barometrical  notations  corresponding 
n  time  with  those  observations  denoting  the  water  to  have  been 
lelow  the  point /u//,  will  be  found  to  be  about  29*57  inches,  being 
^  of  an  inch  more  than  the  average  referring  to  the  whole  obser- 
rations  which  are  above  the  point  yz///,  a  difference  by  no  means  of 
Tiffing  considerations. 

We  know  very  well  that  the  barometer,  when  considered  as  an 
instrument  for  pointing  out  the  changes  of  weather,  is  very  often 
bond  to  deceive,  and  is  sometimes  observed  to  be  aflected  before 
fthe  atmospherical  alteration  appears  to  take  place  \  whilst,  on  the 
other  hand,  it  is  frequently  depressed  or  elevated,  after  the  cause 
has  apparently  gone  by.  It  does  not  appear,  however,  that  this 
^ll-known  circumstance  will  apply  to  the  case  in  question,  so  as 
to  account  for  tliose  numerous  instances  of  anomaly  which  are  to  be 
noticed  in  the  register.  Indeed,  if  any  weight  is  to  be,  given  to  the 
theory  at  all,  the  spring  itself  can  be  viewed  in  no  other  light  than 
18  a  barometer;  and  were  it  perfectly  uninfluenced  by  those  sub- 
terranean causes  which  are  supposed  occasionally  to  modify  its  alter- 
nations, its  depressions  would  undoubtedly  bear  an  ejcactly  relative 
l^oportion  to  the  elevations  of  the  mercurial  column;  the  b^sinof  the 
ired,  A,  (PL  LI.  Fig.  T,  No.  XTilll.)  representing  the  basih  of  the 
^meter;  and  the  waste,  E  D  C,  in  which  the  column  of  water 
s  supported  by  the  atmospherical  pressure,  answering  to  the  tube  of 
liat  instrument.  We  must,  therefore,  seek  for  other  reasons  to 
iccount  for  the  anomalous  appearances  which  exbt  in  the  register; 
lod  as  these,  from  their  situation,  are  less  easily  got  at,  than  that 
Tbing  from  the  atmosphere,  which  appears  to  be  the  predominant 
ause,  we  can  at  best  only  form  conjectures  as  to  their  nature 

One  of  the  first  of  these  which  presents  itself,  is  that  of  the  in- 
iHiiBe  and  diminution  of  the  quantity  of  water  in  the  vast  reservoir 
tDotained  in  the  wastes  of  the  mine,  arising  from  the  melted  snow, 
nd  rain  poured  from  time  to  time  on  the  earth's  surface.  But 
hhoagb  this  may  very  well  be  set  down  as  having  its  full  share  in 
vodttcing  the  irregularity  remarkable  in  the  pheivom^iv^)  ^^V  ^^^^ 
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tlie  attempt  to  subject  it  to  whHt  may  be  called  coDJectur^ 
would  probably  be  perfectly  unavailing.     Varleiiea  of  siti 
soils,  and  strata,  produce  correspond! Qg  differences  in  the  lei^i 
time  required  to  transmit  surface  water  to  suchadeplli.     My" 
vho  may  be  considered  as  a  coal  miner  of  some  experience. 
Die  ill  the  envelope  of  liis  last  communieation  on  this  subjeofj) 
*'  colliirs  observe  tliat,  after  a  great  fall  of  rain,  or  tbe  meltini 
uiuw,  it  is  six  weeks  or  two  mootbs  before  it  reaches  them  in  ll 
works  below  ground.     This,  no  doubt,  will  vary  according  to 
depth,  and  as  the  ditferent  strata  are  more  or  less  ia)|)eiviou9  U> 
WHier."     Now  it  is  evident  that  where  the  effect  follows  the  cause  ffl 
such  a  considerable  interval  of  time,  and  where  it  may  consetjuenl!) 
come  frequently  into  hostility  with  the  effect  arising  immediat«lj 
from  atmospherical  pressure,  sucli  a  balance,  or  perhaps  even  tent- 
porary  antipreponderance,  may  be  at  limes  established,   as  reij 
often  to  produce  those  steming  contradictions  to  that  supposition 
which  ascribes  the  alleruatiotis  in  the  flow  of  the  spring  chiefly  to 
Ihc  weight  of  the  atmosphere.  * 

Anotlier  cause  having  some  little  influence  might  originate  frotn 
ihe  small  opening  at  the  point  g  in  the  plate,  and  which  I  formerlj 
dtseribed  as  having  been  cut  by  the  miners  of  C,  D,  E,  whilst  that 
coal  was  yet  working,  lo  permit  the  escape  of  the  water  from  tbeic 
mine  into  the  neighbouring  levels  of  iliat  underneath  the  adjacent 
propeity  of  Wood  Hall.  We  might  suppose  that  the  loose  materab 
deposited  in  it  by  the  fulling  in  of  the  roof,  and  which  musthiie 
heen  the  first  occasion  of  the  spring  forcing  itself  up  through  B  A, 
may  be  now  and  then  partially  penetrated,  so  a^  to  allow  a  certain 
portion  of  the  water  to  escape  there,  and  so  in  some  degree  reduce 
the  height  of  the  water  in  the  basin.  A,  when  the  state  of  tbe 
barometer  at  the  time  would  appear  to  say  that  it  ought  rather, 
perhaps,  to  be  the  reverse.  But  to  this  cause  I  um  rather  unwilL'ng 
to  allow  much  activity;  as  it  is  highly  probable  that  the  hole,  if, 
originally  communicating  between  the  two  mines,  must  have  beea 
very  completely  packed  by  the  first  fall  of  a  vast  quantity  of  sdid 
fiiflterials ;  otiierwise  it  could  not  possibly  have  resisted  so  long  the 
immense  weight  of  water  necessarily  pressing  npoti  it,  which  is 
capable  of  forcing  up  the  column  to  its  spring  at  A.  And  if  liw 
smallest  outlet  through  g  had  been  once  made,  it  is  quite  natural  to 
suppose  that  this  immense  pressure  would  have  very  speedily  en- 
larged it  to  such  an  extent  as  to  ndmlt  of  the  whole  water  of  ibti 
reservoir  in  the  waste  running  off  in  that  dhection  j  and  so  it  ffOuU 
have  been  the  means  of  at  once  annihilating  the  spring  at  A. 

As  my  ingenious  friend  Mr.  Scott  has  suggested  in  the  aiiK 
letter  of  which  I  formerly  quoted  a  part,  the  falling  in  of  rnbhisb, 
or  of  tiie  roof,  from  the  decay  of  its  wooden  props,  or  from  olhet 

Bik  hpTR,  mat  thrre  b  a.  Girong  eprinj;  of  very  pure  ii'ater  cloK  lo 
uiilmn  Hall.  »hlch  toraetinies  becomes  diy  fnr  maothf.     Mj  ridT 

it  gate  oviT  runiiin!;  before  llie  end  uf  t 
Is  strcnglh  iM  (lie  «iii  o?  tcdioiwv. 
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»vrce8  of  decay  in  different  parts  of  the  wastes,  may  occasionally 
single  with  the  other  causes,  by  producing  temporary  obstructions 
»  Ibe  subterranean  water,  in  the  course  of  its  progress  through  th<9 
a  ore  distant  or  higher  parts  of  the  old  mine  ;  thus  in  the  first  place 
reating  a  diminution  of  the  supply,  and  afterwards  as  they  are 
w^adttally  washed  away,  or  stiddenly  burst  through  by  an  accumula- 
M)a  behmd  them,  producing  a  corresponding  gradual  or  siddeji 
Abrease  to  the  quantity  of  water  in  the  reservoir  more  immediately 
fear  to  the  bottom  of  the  old  shaft  A,  B,  which  would  naturally 
9kct  the  spring  above  it. 

"  Tbfcre  are,  no  doubt,  various  other  causes  which  may  present 
bemselves  to  you.  Sir,  or  to  your  readers,  as  having  a  probable 
idiDg  influence  in  producing  the  effects  of  alternation  in  this 
i^iDg.  But  it  would  be  almost  bordering  upon  impertinence  in 
ht  to  search  for  more,  as  I  have  already  perhaps  drawn  the  sul)jecC 
hvBtlv  further  than  its  interest  warrants.  I  shall  conclude,  there-^ 
we,  by  observing,  that  in  order  to  put  my  notion  of  the  predomt* 
ntting  influence  of  atmospherical  pressure  to  the  experimentum 
TTuds^  a  shaft  ought  to  be  sank,  or  bore  put  down,  from  the  surface 
toio  the  old  waste  at  C,  which,  if  my  ideas  are  correct,  would  put 
i^oip  to  the  alternating  appearances  in  the  basin  A,  by  establishini; 
lib  equilibrium  in  the  atmospherical  pressure  at  these  two  points* 
But.this  would  be  rather  too  laborious  an  experiment  for  an  object  of 
rikli  trivial  importance ;  and  were  it  even  more  easily  attainable,  it 
ipoald  perhaps  be  considered  a  pity  to  put  a  {leriod  to  the  existence 
4V  the  phenomena. 

I  am.  Sir,  your  obedient  humble  servant, 

Thomas  Lauder  Dick. 


Article  V, 

Am  Essay  an  the  Lodgement  of  Carbureted  Hydrogen  Gas  in  Coal 
Mines  J  and  on  the  Cause  of  the  Explosions  or  Blasts  peculiar  to 
these  Mines.    By  Mr.  John  B.  Longmire. 

May  U  1816. 

Id  Article  II.  of  the  Annals  of  Philosophy  for  September,  1815, 
I  liave  described  the  probable  source  of  the  carbureted  hydrogen 
ps,  or  the  inflammable  air,  of  coal-mines,  and  its  mode  of  entry 
Qto  the  mine.  There  yet  remain  for  me  to  show  how  it  lodges  in 
the  workings  when  the  air  is  still,  and  the  phenomena  of  its  com-* 
Wstion^  when  set  on  fire  in  such  a  state. 

1.  On  the  Lodgement  of  the  Injlammalle  Gas  in  Coal-Mines. 

When  the  inflammable  gas  escapes  from  the  coal  into  the  still 
lii^  at  the  forehead,  or  sides  of  a  working  near  its  forehead,  it 
^leends  to  the  roof>  and  collects  into  a  flat  body  whose  under  surface 
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always  inclines  upwards  from  the  forehead  into  the  mine;  ari»  ^' 
the  inflammable  air  continues  to  escape,  this    Ijody  increiKiH  ^ 
dimensions,  by  not  only  extending  further  into  the  working,  big  " 
downwards  to  the  pavement.     After  the  gas  lias  reached  the  pm   ^ 
ment,  and  when  its  under  surface  lias  appi-oaclied  so  amiBi   ^' 
horizontal  line,  that   (he  newly  entered  gas  will    not  passupft  ^ 
towards  the  roof,  the  furihei'  entry  of  tlie  gas  would  cease,  mrti    |" 
not  separated  from  the  coal  uitli  a  force  that  enables  it  (o  dl^Ki    ^ 
and  push  fonvard,  ilie  gas  |)reviously  got  into  the  working.  Hi    '^ 
inflammable   gas,  theielore,    cannot   escape  from  flat  ct^-tuiM    '^ 
without  filling  them,  nor  can  it  fill  them  by  its  levity  alone  ;*srf  '^ 
1  may  say  there  does  not  exist  a  mine,  even  in  the  edge  uxaiS  ^ 
whose  workings  can  be  adapted  to  permit  its  natural  escape,  mitt  ^ 
out  jowie  of  Ihem  being  ^rst  filled.     A   small  body  of  gas  i!  IR  ^ 
sooner  formed  than  it  begins  to  mix  with  the  air.     The  mii^  ^ 
process,  however,  is  often  counteracted  to  a  great  degree  IqiAvf^ 
working  being  tilled  with  the  newly  entered  gas  almost  as  ftiftliW' 
the  mixing  process  can  extend  itself.     But  this  process  isalDmtT" 
always  discernible  ;  and  gives  rise  to  the  method  adopted  byminaf^ 
to  detect,  by  the  candle  symptoms,  the  existence  of  this  gas  nfcT^ 
yet  on  its  confines,  and  without  setting  it  on  fire.     They  are  enillfei 
to  detect  it  by  meeting  with  it  at  first  mixed  with  the  air  in  a  tt^ 
small  proportion ;  hut  which  proportion  increases  as  they  adviu^ 
■  sometimes  so  much  that  in  a  yard  beyond  where  they  first  dereflit 
tliey  can  set  it  on  fire,  and  sometimes  so  little  that  they  mjti' 
vance  15  or  20  yards  to  reach  the  firing  point.     When  ihe  gB' 
leaves  the  coal  slowly,  or  after  it  has  ceased  to  leave  the  coal,  ibi' 
body  collected  in  a  working  gradually  mixes  with  the  air  in  i^tOti 
proportion.     The' quantity  of  inflammable  gas  in  the  mixture  is lA 
equal  throughout.     It  is  greatest  near  the  forehead,  and  least  \xtf 
the  other  extremity.     Probably  the  mean  proportion  is  not  far  ^ 
of  what  makes  the  most  explodible  mixture.      Hence,  as "     * 
well  known  to  colliers,  the  same  quantity  of  inflammable  giis 
a  much  more  violent  explosion  after  being  left  a  few  months  ia  ttK 
mine  than  if  fired  immediately  after  it  is  collected. 


2.   On  ihe  Explosion. 

When  the  Infiammable  gas  is  set  on  fire  in  a  separate  state, 
through  in  a  large  body,  it  burns  slowly;  hut  wheni  mixed  withtU) 
air  in  a  certain  due  proportion,  it  Is  no  sooner  fired  in  one  pait, 
than  it  appears  to  flame  io  every  part  of  its  volume.  , 

•  Thelevilj  of  ibis  pas  will  nol  carry  il  out  of  working!  lo  well  as  peno« , 
may  BHiipoie  whn  hivtmusecn  il  in  (he  min*.  Il  niW  rise  perppnrticuJarW,  «iil' 
juceod  aDgiiUrl>;  bul  I  buvc  Dot  been  i>l>le  la  delcrminE  iii  loneil  ai^'M 
aiccnsiOD.  I  have  seen  il  body  nf  )i,  miird  indeed  with  Ihe  vapour  o(  nalifti' 
EUSLieDdcd  in  a  vorkiog  nhote  roof  lajr  al  aa  angle  of  50°.    The  laiituc  «f  JM 

lii«W>u«W«riMibaiiiqBcid  will  undaiibif dly  dlmioi^  itK.luriiy. 
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tJAuriog  the  GODftbustioD  of  the  carbureted  hydrogen  gas,  the  fol- 
pfipg  ^bemical  chaqges  take  place: — The  hydrogen  of  the  gas 
1^8  ^ith  the  oxygen  of  the  air,  and  water  results;  and  the 
IgbpD  of  the  gas  is  also  joined  to  more  of  the  oxygen,  and  car- 
nJc  acid  is  formed;  while  the  azote,  from  whicli  the  oxygen 
|i  taken,  is  left  in  a  separate  state.  The  azote  and  carbonic  acid 
|B  are  for  some  time  diffused  through  the  pure  air;  but  they 
DHfly  separate  in  part,  and  the  azote,  being  the  lighter,  ascends 
IHards  the  roof,  and  the  carbonic  acid  descends,  and  rests  on  the 
Sfement ;  while  the  water,  which  is  at  first  a  vapour,  cools  slowly, 
4  collects  into  small  drops  on  the  roof,  sides,  and  bottom  of  the . 
ipe,  and  on  the  bodies  of  those  miners  who  are  lying  on  the 
cement,  either  burnt  to  death,  or  so  burnt  and  maimed  by  the 
Dchanical  violence  of  the  chemical  changes  as  not  to  be  able  to 
ppe*  Very  soon  after  the  combustion  commences  the  dame 
(cads  out  much  beyond  the  original  volume  of  the  mixture,  but 
|»rincipally  extends  in  the  direction  of  the  coming  air.  This 
otion  is  owing  to  the  expansion  of  the  airs  by  the  heat  given  out 
,the. first  part  of  the  combustion  ;  and  the  meeting  of  the  coming 
r  by  the  flame  is  to  be  attributed  to  the  want  of  pure  air  in  any 
\uft  direction  to  supply  rapid  combustion ;  as  the  air  in  every 
ber  part  of  the  adjoining  hollows  is  contaminated  with  the  noxious 
kyei^  Jiewly  generated. 

.During  the  combustion  of  the  gas  that  motion  is  given  to  the  air 
hich  miners  call  a  blast,  and  philosophers  an  explosion.  It  has 
BT^  iioagined  that  the  united  volume  <if  hydrogen  and  oxygen  is 
iduced,  when  changed  from  gases  into  water,  so  very  mucn,  and 
^:very  rapidly,  that  an  extensive  vacuum  is  suddenly  formed,  into- 
hi^b  the  air  must  rush  rapidly  from  every  quarter.  But  it  is  too. 
ifdl  known  that  the  blast  nies /rom  the  place  of  combusHon,  and 
9jt  .towards  it,  as  it  ought  to  do  were  this  reasoning  true.  There- 
ice  it  is  evident  that  the  heat  given  out  greatly  expands  the  sur- 
Qundipg  air  ;  so  that  the  increase  of  the  air's  volume  not  only 
qp^tjEMTacts  the  deficiency  made  in  the  bulk  of  the  united  gases,  by 
orming  them  into  water,  but  also  causes  the  first  and  greatest  blast 
IT  explosion  to  move  rapidly  from  the  fire  into  other  parts  of  the 
Bine,  till  the  heat  has  nearly  distributed  itself  equally  ;  and  those 
counter-currents,  or  smaller  blasts,  which  very  often  occur,  are 
)roduced  by  the  action  of  the  intricate  passages  on  the  main  blast 
luring  its  motion  through  the  mine. 

/Die  explosion  is  a  concussion  in  the  air  similar  to  that  made  by 
iring  a  cannon,  though  differently  effected.  The  impinged  par- 
icies  move  from  the  cannon  through  the  space  above  the  earth's 
urface,  and  soon  exhaust  their  force  on  this  expanse  of  particles  ; 
mt  in  the  mine  their  motion  is  confined  to  small  hollows.  Hence 
hie;  same  explosion  that  at  200  or  300  yards  from  the  cannon  could 
X)^  break  a  few  windows,  would  caiTy  devastation  through  an  ex- 
tepsive  mine, 
Th4' it611owiDg;prppfirties.  distinguish  the  explosiooy  and  coabUt 
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us  to  develope  the  action  of  the  heat  on  the  air,  when  an  expll 
is  formed,  and  to  account  for  its  peculiar  and  extraordinary  tffiffl 
on  the  mine.  Suppose  an  explosion  happen  at  the  far  end  ofalong 
and  straight  tunnel,  out  of  which  the  air  cannot  escape  but  at  (K 
mouth,  and  in  which  four  men  are  placed  at  certain  distances  fnitt 
one  another.  The  explosive  motion  flies  from  the  close  end  of  iM 
tunnel  towards  its  mouth,  and  fells  the  first  man  to  the  grounii 
only  bkiwa  out  the  second  man's  candle,  merely  bends  horizoaisll* 
the  flame  of  the  third  man's,  and  is  not  felt  by  the  fourth  man.  It 
thus  appears  that  the  explosive  motion  is  greatest  in  both  vckxiti 
and  force  at  its  commencement,  decreases  in  both,  aud  (t  Ml 
cesses  to  move.  Again,  the  explosive  motion,  after  flying  Kflie 
distance  in  a  straight  line,  will  pass  openings  in  the  side  of  astnigklj 
tunnel  or  working  without  losing  much  of  its  force,  or  comlnurti-l 
eating  much  motion  to  the  air  in  them.  Thus  BU[q)Ose  the  «r| 
moves  rapidly  in  the  direction  a  i,  (Plate  LVIII.,  Fig.  l,}onpa!i- 
ing  by  thcworkings,  r,  d,  e,f,  g,  it  merely  disturbs  the  air  ia  ihenl 
so  much  as  to  blow  out  a  candle.  Lastly,  if  the  sit  in  expli*ivp 
motion,  hitherto  in  a  straight  line,  strike  angularly  the  side  of  any 
working,  it  departs  from  the  part  struck,  with  a  little  tessangfe 
than  thct  by  which  it  approached.  Suppose  the  air  in  motion  mb 
the  working,  andmovesalong  tlicpart  a(,  Fig.  2,  till  it  strikes  liw 
side  if  atli;  it  leaves  this  side  at  an  angle,  dbe,  which  is  snialkr 
than  its  angle  of  approach,  a  i;  c,  because  the  moving  force  jjn- 
dually  decreases,  and  the  air  loses  a  part  of  iis  velocity  every  time  H 
strikes  the  side.  The  explosive  motion  then  flies  to  the  side  e  ^,  rt 
,e,  at  the  same  angle  that  it  left  the  other  side,  but  leaves  it  sgain  it 
a  little  less  angle,  g  e  f.  It  therefore  moves  from  side  to  side  tiitlt 
a  decneasing  angle,  and  an  increasing  distance  between  the  ait 
impingements,  till  the  motion  ceases. 

The  foregoing  properties  of  the  explosive  motion  entitle  us  to 
give  the  following  reasoning  as  to  its  cause.  Let  us  suppose  ihall 
quantity  of  heat  is  given  out  at  the  forefiead  of  a  working;  letiH 
imagine  the  air  to  be  divided  into  ranges  of  particles  which  are« 
right  angles  to  the  roof,  sides,  and  pavement,  and  parallel  to  the 
forehead  of  a  working ;  and  let  it  be  remembered  that  philosophen 
have  shown  the  particles  of  air  to  be,  not  in  actual  contact,  but  il 
distances  from  one  another,  which  indeed  are  too  small  to  be  stn- 
sibte  to  us. 

The  heat  at  the  forehead  enters  among  the  particles  of  the  ur. 
end  increases  the  distances  between  them,  swells  out  the  volumerf 
the  part  acted  on,  and  moves  the  air  in  every  direction,  but  in  ■ 
liiile  time  the  motion  is  only  along  the  working.  If,  now,  litit 
enters  betn'cen  two  upright  ranges  of  particles,  it  separates  them  U, 
a  greater  distance  :  but  that  r:inge  which  is  nearest  the  forehe^l 
cannot  lie  moved  backwards,  because  the  heat  is  equally  great  *' 
that  side  of  itj  hut  the  other  range  is  moved  forwafd,  strikesaiii 
drives  before  it  the  second  range,  before  tiie  heat  citn  reach  it- 
'Shis  last  Tangp  moves  the  third,  the  third  moves, llu^fouiifa^ud?  ~ 
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"m^"  "fen  Sq^^Mt^iSp? 

I  inform  him  that  eicplosioas  in  coal  mines  liave  occupied  ray  utir;- 
mitted  attentioD  fof  the  U&t  eigbt  yearn. 

The  Original  Safely  Lamp. 

Tiiese  lam);)s  Iinve  been  known  to  the  scieniiSc  world,  and  h) 
those'  concerned  in  coal  mines  in  this  district,  for  several  years.  The 
first  printed  account  of  llieni  appeared  in  the  Philosophical  TtaU' 
actiofis  of  the  Royal  Society  fur  1SI.3  :  since  which  time  all  tbi 
rcsppciuble  journals  and  periodical  publications  have  given  oust 
satisfactory  reporis  of  tlicir  value ;  partly  drawn  from  authenticate 
s^urceSj  and  partly  from  their  actual  practical  utility  in  coal  minei, 
wl^ere  fire-damp  abounded.* 

For,  this  lamp  in  an  improved  stflfe  I  had  the  honour  to  recei«, 
Dec.  3j  1813,  the  uuanimous  thanks  of  the  Society  for  preventing 
Act^denls  in  Coal  Mines. 

1  hud  the  pleasure,  in  October  last,  accompanied  hy  J,  H,  S 
I^olxnes,  Esq.  and  Mr.  Patterson,  of  the  Herringion  Mill  Pit,  to 
take  ^\^zJirst  ilglU  into  a  field  of  fire-damp  at  the  exploding  pffltH, 
wtiich  before  that  lioie  was  considered  by  most  persons  concerned  in 
cpal-Diines  as  au  impossibility,  Tl)is  lamp  has  been  in  constant  lue 
wherever  great  danger  wa?  apprehended  from  fire-damp  since  iBe 
above  period.  In  a  word,  the  originality  and  priority  of  ray  idea  (£ 
an  insulated  light  for  coal-mine^,  the  construction  of  a  safety  lamp, 
apd  the  establishment  of  the  safely  and  utility  of  that  lamp  in  coal- 
mines greatly  infested  with  fire-damp,  are  now  universally  ackno»- 
I  edged. 

It  was  for  a  modification  of  this  original  safety  lamp  that  ibe 
Society  of  Arts,  with  their  usual  munificence,  voted  to  me  a  meW 
io  May  last,  which  was  the  more  gratifying,  as  in  1813  the  orignwti 
lanip  had  been  presented, by  me  to  the  Royal  Society. 

Tke   Sleam  Safety  lAimp. 

Sever.il  persons  concerned  in  coat-mines,  for  whose  opinions  I 
entertain  much  respect,  expressed  a  desire  that  a  safety  lamp  migtll 
he  constructed  which  would  feed  itself  with  atmospheric  air  fiw 
combustion  without  the  aid  of  bellows ;  and  in  order  that  suchsi 
desideratum- might  be  supplied,  1  had  the  pleasure  i(i  Novembct 
last  (iyi5),  to  discover,  when  experimenltng  with  the  origiMl 
safely  lamp,  in  an  atmosphere  of  fire-damp  at  the  Herrington  Mill 
Pit,  that  when  I  accidentally  used  hot  water,  the  fire-damp  burned 
silently  at  the  wick  of  the  oil  lamp,  and  did  not  explode  within  tbe 
original  safety  lamp,  as  formerly,  which  was  the  principle  ofilsi 
safely.  I  accordingly  instituted  a  series  of  experiments,  and  Jtivt;. 
riably  found  ihatj  by  the  intervention  of  steam,  Ihe  fire-damp  nigltt  ■ 

•  -#niiBii  of  PMhmpha.  Pliil.  Mag.  ^^^l,  Ma?.,  Ncn 
recpnUj,  holmes  nn  CnnI  Mines.  IB  Ibis  wr.rfc  ihere 
original  saTely  lamp  aai  iis  modlGeBtirin,  Io  nhich  llie  readi 
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be  bufnt,  \vithout  explosion,  to  any  extent,  at  the  wick*  This  e)(- 
traordinary  and  unexpected  discovery  induced  me  to  turn  over  the 
leaves  of  the  seventh  edition  of  Dr.  Henry's  Elements  of  Experi- 
meotal  Chemistry,  in  which  I  observed  a  reference  to  stnue  exf^eri- 
ments  by  Von  Grotthus  upon  hydrogen  gas,  the  original  of  which 
afe  tHerein  stated  to  be  inserted  in  the  82d  volume  of  the  Annates 
de  Cbimie;  and  by  the  kindness  of  a  distant  friend  I  was  afterwards 
enabled  to  peruse  that  volume,  in  which  I  found  a  complete  corro- 
boration of  my  experiments  upon  steam  and  hydrogen* 

In  the  month  of  Deceml)er  of  the  same  year,  after  many  tedious 
experiments,  I  constructed  my  steam'  safety  lamp,  which  I  then 
showed  to  the  Society  for  preventing  Accidents  in  Coal  Mines,  for 
which  I  had  also  the  honour  to  receive  their  unanimous  thanks.  I 
intimated  to  the  Society,  at  the  same  time,  that  in  this  lamp  th^ 
%ht  was  given  partly  from  oil,  and  partly  from  the  fire-damp  when 
UBcd  in  the  mines. 

The  steam  lamps  are  constructed  of  the  strongest  tinned  iron, 
with  flmit  glass  in  front,  f  of  an  inch  in  thickness;  from  which  it 
irill  readily  be  understood,  that  these  lamps  will  bear  any  sort  of 
imge.  The  steam  safety  lamps  require  no  trouble  or  particular  at- 
tention from  the  miner  when  he  is  using  them^  and  are  by  no  means 
tepensive,  and  exceedingly  durable :  and  I  will  venture  to  assert 
that  with  these  lamps  no  accident  whatever  can  arise  in  any  place, 
or  under  any  circumstances,  let  the  state  of  the  mine  be  ever  so 
deplorable,  from  fire-damp.  ^ 

In  the  steam  safety  lamp,  the  atmospheric  air  of  the  coal-mine 
grilses  in  a  current  through  a  tube,  and  is  mixed  with  steam  1>efore 
It' can  possibly  arrive  at  the  light:  by  this  means  the  fire-daiiip 
bums  silently  and  steadily  at  the  wick  of  the  lamp  alone,  for  any 
kogth  of  time.  Should  it  exceed  the  due  proportion  of  atmospheric 
air  fbr  supporting  combustion,  the  light  of  course  goes  out;  but  in 
this  lamp  such  an  event  will  seldom  happen.  It  has  also  the  valuable 
ifiiditjrof  keeping  cool  throughout  every  part,  and  under  all  cir- 
Clmlstanoes,  by  reason  of  the  steam,  which  is  constantly  extricated 
udkept  in  motion  within  the  lamp.  And  as  steam  is  merely  water 
I§00  times  expanded,  there  is  no  cause  to  dread  the  want  of  a  suffi- 
^  ci^t  supply  of  this  useful  agent. 

Na  current  of  air  containing  fire-damp,  and  suspending  coal 
dait,  gunpowder,  or  pyrites  in  powder,  can  do  any  mischief,  which 
tfiy  atonce  be  understood  by  a  slight  examination  of  the  steam 
lafety'lamp,  whilst  the  light  is  always  uniform,  steady,  and  bright) 
Ills  now  well  known  that  tliis  lamp  burns  most  brilliantly  in  ah 
atAe^ere  of  fire-damp  after  the  wire-gauze  lamps  go  out,  and 
Mq!  after  the  original  safety  lamp  has  had  the  fire-damp  exploded 
^thtiy  it,  as  acknowledged  by  Messrs.  Watkin  and  Wood,  viewers^  * 
■id  Mh  Patterson,  to  have  occurred  not  long  since  at  the  Engine 
Ktin  this  county.  For  without  my  safety  lamps  the  workmen  must 
Ittre'  been  left  in  darkness  in  that  well  known  ^\X.. 

No  lamp  sopio^hpiDg  iuelf  with  air  can  be  coTOVicvedi  w^'^jcA^^'^l 
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secure  without  steam :  and  it  is  a  curious  circumstance  tbat 
water  was  the  medium  of  safely  in  the  origiaal  limp,  so  wat< 
the  form  of  steam  has  siuce  become  most  useful  for  our  pre 
purpose,  ill  affording  a  permanent  light,  wherever  there  is  as 
cient  quantity  of  oxygen  to  support  combustion. 

My  steam  safety  lumps  have  been  much  used  in  the  Herrin 
Mill  Pit  and  the  Engine  Pit,  where  their  value  is  duly  apprecia 
I  beg  it  may  be  understood  thai  my  letter,  No.  V-  at  p.  li 
Mr.  Holmes'  book  on  Coal  Mines,  whs  b  prwate  communica 
and  never  intended  to  meet  the  pulillc  eye;  but,  by  a  mistak 
was  inserted  unknown  to  me,  for  wliich  1  am  truly  sorry,  as  fn 
intended  to  wouud  the  feelings  of  any  individual.  Mr.  Holnii 
his  own  accord  has  expressed  his  determ! nation  to  leave  this  Ii 
out  in  the  next  edition  of  his  work. 

Upon  the  (ith  of  this  month  I  had  the  honour  to  receive  spo 
neosuly  and  unanimously  the  thanks  of  the  Society  for  preveo 
Accidents  in  Coal  Mines,  for  my  general  services. 

From  the  increasing  confidence  with  which  my  steam  safety  la 
arereceivcd  by  those  Gentlemen  who  are  concerned  in  the  man: 
ment  of  coal  mines,  I  have  reason  to  expect  that  in  a  short  ' 
they  will  be  universally  employed. 

The  Steam  Safely  Lamp.      (See  Plate  LVIII.) 

Fig.  3,  a  represents  the  short  tube,  by  which  the  air  enters 
the  lube,  i,  and  this  tube  supporis  the  water  cistern,  c,  at  the 
being  fitted  into  the  tube  a,  m  the  bottom,  so  as  to  be  taken 
and  replaced  when  the  water  is  to  he  put  into  or  removed  from 
cistern,  c.  The  air  which  ascends  the  tube,  /■,  mixes  with 
steam  of  the  water  cistern,  and  passes  down  the  two  lateral  K 
dy  d,  to  support  the  combustion  of  the  flame,  and  after* 
ascends  by  the  sides  of  the  cistern  through  the  chimney  of 
lamp.  The  perforations  are  useful  in  retarding  the  progress  of 
fire-damp,  that  it  may  be  properly  mixed  with  the  steam  befo 
arrives  -at  the  flame;  e,  the  bottom  fitted  air  tight ;  /,  the  gi 
and^,  the  oil  lamp.  These  lamps  are  ]2  inehes  in  height, 
elusive  of  the  chimney,  five  inches  in  diameter,  are  very  convei 
and  portable,  and  may  be  made  by  any  tinman  for  I2s. 

Fig.  4  represents  a  conducting  tube  which  is  to  be  pnt  on  1 
when  the  lamp  is  (o  be  carried  from  one  place  to  another. 

Fig.  5  Is  another  conducting  tube,  to  be  used  with  the  aper 
downwards  when  descending  a  shaft  or  staple,  and  it  may  b< 
versed  when  ascending. 

These  lam))s  should  he  cleared  of  water,  &c.  and  well  dried  • 
Uiey  have  been  in  use,  ihat  they  may  be  rendered  thereby  l 
durable.  When  the  lamp  is  first  lighted,  it  is  needful  to  estal 
a  current,  which  is  best  eflTected  by  turning  the  lamp  so  thai 
tube  a  may  receive  ihe  advantage  of  the  current  of  air  whicli 
way  it  blows :  this  will  be  eSected  in  five  minutes,  and  the  I 
will  afterwards  coDtiaue  to  Win  t^^viaA-j  Mi4\i,ai,foniily. 
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Fig.  4  represents  the  gas  light  lamp,  which  is  intended,  and  has 
{leen  used,  for  burning  the  fire-damp  in  a  coal-mine,  in  lieu  of  oil^ 
and  thereby  in  a  board  infested  with  fire-damp,  or  at  a  blower  of 
tolerable  magnitude,  it  will  be  the  means  of  expending,  most  use- 
fully, that  hitherto  noxious  gas.  These  gas  light  lamps  may  be 
constructed  of  any  size  and  power,  and  in  any  number,  where  a 
volume  of  fire-damp  is  to  be  destroyed.  This  lamp  is  similar  to 
.the  steam  lamp  just  described,  except  at  the  bottom,  where  at  h  is 
-a  tube  which  passes  through  the  bottom  into  the  vessel,  i,  which 
contains  oil  or  water,  j  represents  the  oil  lamp  burning  as  in  the 
^teaai  safety  lamp ;  ^,  the  three  small  tubes  for  burning  the  fire- 
4ainp ;  /,  the  three  jets  of  the  fire-damp  burning  very  briskly :  but 
,whea  the  fire-damp  is  to  be  burnt,  the  oil  lamp  is  of  course  extin- 
guished. The  bottom  of  this  lamp  may  be  turned  round  so  that  the 
tube^  k,  through  which  the.  fire-damp  is  to  be  driven,  may  stand  in 
any  direction  required. 

With  this  lamp  I  have  frequently  burned  fire-damp  in  a  diversity 
d  ways  in  an  explosive  atmosphere,  with  perfect  safety. 

m 

■  Mitkopwearmouthy  Aug,  20,  1816. 
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Some  Ohservations  respecting  the  new  Metals  obtained  from  Barytes 
and  Strontian ;  also  of  a  pure  Metal  observed  in  the  Decomposi- 
turn  of^  Boron ;  tooether  with  other  Remarks  on  the  Means  of 
Analysis  afforded  h/  burning  a  highly  compressed  Mixture  of  the 

,•  Gaseous  Constituents  o/*  Water.  In  a  Letter  to  the  Editor  from 
the  Rev.  Edward  Daniel  Clarke,  LL.D.  Professor  of  Mineralogy 
in  the  University  of  Cambridge. 

(To  Dr.  Thomson.) 

SIR, 

^^  Thb  interest  you  have  been  pleased  to  express  in  the  success 
'Iviiich  has  attended  my  analytical  researches,  since  I  adapted  an 
explosive  mixture  of  hydrogen  and  oxygen  to  aid  the  operations  of 
the  blowpipe,  induces  me  to  offer  for  the  consideration  of  your 
readers  the  further  result  of  my  experiments.  A  communication 
which  I  made  to  the  Editor  of  the  Journal  of  the  Uoyal  Institution, 
iiilDce  printed  in  the  third  number  of  that  publication,  will  render 
unnecessary  any  repetition,  at  present,  with  regard  to  the  apparatus 
ftecessary  for  tnese  experiments.  Your  own  valuable  suggestions, 
ibade  with  a  view  to  facilitate  my  inquiries,  have  tended  towards 
'^fjae  of  the  most  remarkable  results  which  I  have  to  mention. 

When  you  informed  me  that  you  had  received  the  metals  of 
^jpryies  and  strontian^  which  I  «*"♦  ♦'^  woa  in  naptha^  and  had  sub- 
^ttitted  them  to  the  proper  tqi  vex^  ewa\A&^\.^  ^^\2w- 
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^$  .tfc  ?SewsM'  ^lelah  from  Baryles  and  Slronl 
iirm  the  trut]>  of  my  previous  account  of  those  metals,  you  added, 
that  you  rccomm'ndcd  "  a  trial  of  the  nitrate  of  slronHan  iDsAai 
,of  the  earth  in  the  stale  of  powder."  For  this  purpose  Mr.  Halme 
accompanied  me  to  my  laboratory ;  but  we  hegaii  wiih  the  nUrate 
fif  hariftes,  the  more  fusible  body  of  the  two.  I  prepared  this  sub- 
stance by  dissolving  the  ccrhonateof  haryles  in  nitric  acid,  filieriog 
^e  Goluiion,  aud  evaporating  to  dryness.  After  this  1  placed  sane 
pf  the  salt,  already  becoming  moi^t,  from  its  deU(|uescence,  wiihia 
a  cavjiy,  at  the  end  of  a  stick  of  charcoal ;  and  exposed  it  to  the 
ilanic  of  the  ignited  gas.  As  it  became  fused,  it  began  to  boil,  witt 
vehement  ebullition :  at  this  moment,  mclallic  globules  were  clear^ 
discernible,  in  the  midst  of  the  boiling  Huid,  suddenly  forming,  and 
OS  suddenly  disappearing.  Mr.  Holme  now  requested  that  the 
operation  might  be  checked,  in  order  to  examine  the  result  of  tbii 
fusloQ.  To  pur  amazement,  the  interior  surface  of  the  charcoal, 
within  the  cavity,  appeared  studded  over  with  innumerable  globules 
of  a  pure  melai  of  the  most  brilliant  lustre  and  whiteness;  re- 
sembling the  appearance  exhibited  by  gkibulcs  of  mercia-y;  or  of 
the  purest  platinum,  after  fusion.  Wc  repented  the  experiment 
ol^ea  with  the  same  result;  although  not  always  with  tne  same 
success.  Sometimes  the  globules  were  not  visible;  in  which  casem 
supposed  that  we  had  cuntjiiued  the  heat  too  long;  as  dense  white 
fumes,  escaping,  denoted  the  volatilization  of  the  nze^aZ;  like  that 
of  diver,  and  of  many  other  metals  after  undergoing  the  same  tem- 
perature. These  globules  were  exceedingly  minute  ;  although  do 
vielal  with  which  we  are  acquainted  ever  exhibited  a  greater  degnc 
of  splendour,  or  a  more  brilliant  whiteness.  Mr.  Holme  .succeeded 
it)  detaching  two  of  these  globules;  which  we  placed  in  napihes 
and  ihey  are  now  sent  for  your  inspection.  No  file  is  here  requisite, 
for  (Jeyeloping  a  surface  with  metallic  lustre  ;  because  the  ine/a/  is 
in  its  purest  slate.'  It  is  the  same  vietal  for  which  1  prqx)sed  ik 
appellation  of  Plutonium ;  and  I  am  glad  to  find  the  appellation 
generally  approved;  because,  being  among  the  lightrr  metals,  we 
should  have  rendered  ourselves  liable  to  merited  sarcasm  if  ne  had 
named  it  from  a  derivative  of  Ba^u;,  signifying  heavy.  Some  other 
of  the  globules  we  caused  to  fall  from  the  charcoal  into  water;  the 
consequence  was,  such  a  rapid  decomposition  of  the  waier  that  tne 
hydrogen  flew  up  in  a  continued  stream ;  and  we  expected  to  see  it 
i^e  fire;  but  this  did  not  happen. 

We  now  made  trial  of  the  nitrate  of  strontiaji.  DeliquescenfS 
not  having  commenced,  as  in  llie  preceding  experiment  with,  ike 
nitrate  qf'  haryles,  we  mixed  with  it  a  little  water,  so  as  to  forma 
paste,  and  proceeiled  according  to  our  former  plap.  It  proved  to  b* 
almost  infusible  ;  the  upper  surface  exhibited  very  little  alteration; 
but  when  the  entire  mass,  now  desiccated  and  coherent,  was  le* 
moved  from  the  charcoal,  we  found  that  the  lower  surfoce  had  beflD 
imperfectly  reduced  to  the  metallic  state,  and  admitted  the  aclioa 
of  the  file.  We  then  renewed  this  experiment;  making  Uift'* 
charcoal,  in  powder,  inix.i;d  \\i\\i  xVit  satt  ■,  hut  did  not 


making  u^^j 
notsiU^oflH 
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obtaibihg  any  globules  of  strontium  like  those  of  plutonium.  We 
next  itaixe^d  the  nitrate  of  strontian  with  oil^  and  obtained  strontium 
in  tbe  metallic  state,  after  aiding  the  fusion  with  a  little  lorax ; 
but  no  globules  of  pure  metal  were  apparent. 

The^e  experiments,  as  it  must  be  evident  to  you,  were  made  in 
ton^equence  of  your  own  suggestion.  You  also  mentioned  the 
ph>bability  of  my  "  decomposing  the  loracic  add,  and  procuring 
voron;  recommending  a  trial  of  calcined  borax  mixed  with  d  little 
chanrcoaiy  Having  by  me  some  calcined  borax  prepared  in  a  pUz- 
iinum  crucible  by  my  lamented  friend  the  late  Professor  Tennant,  1 
teduced  this  to  powder,  and  mixed  with  it  a  small  quantity  of  char- 
liodli  adding  also  water^  and  rubbing  the  whole  together  in  a  porce- 
lain mortar.  The  water  was  then  evaporated,  by  heating  the  mortal, 
^o  dryness  ;  and  the  mixture  taken  out  in  a  coherent  mass.  Some 
of  this  being  placed  within  a  cavity  in  charcoal,  as  before,  was  ex* 
jposed  to  the  ignited  gas,  and  readily  fused.  When  it  began  to  boil, 
the  full  current  of  the  gas  was  gradually  let  loose  upon  it ;  and  the 
Utmost  intensity  of  the  heat  communicated.  A  dense  white  fume 
began  to  be  exhaled,  the  common  indication  of  volatilization  in  772^- 
llaUic  bodies;  perceiving  which,  the  valve  was  turned,  and  the 
Hftme  extinguished.  We  now  examined  the  surface  of  the  charcoal ; 
it  was  partly  covered  with  a  pitchy  black  looking  substance,  which 
bv  the  action  of  the  air  soon  became  white,  and  presently  exhibited 
tne  veiy  remarkable  appearances  of  innumerable  aggregated  crystals 
glittering  in  the  sun's  rays,  and  looking  like  snow-white  pearl-spar* 
These  crystals  are  of  course  those  of  the  boracic  acid;  forming  upon 
the  black  oxide  of  its  tnetallic  base,  which  has  been  called  borofi* 
That  this  base  is  undoubtedly  me  tallica  will  appear  by  the  sequel ;  for, 
ujton  renewing  the  experiment,  there  appeared  among  the  boron  as 
brilliant  a  metallic  globule  as  any  of  those  of  phitonium  to  which  I 
have  so  recently  alluded.  I  showed  this  globule  to  Mr.  Holme ; 
biit,  not  having  the  smallest  expectation  of  such  a  result,  I  sus- 
tJected  that  it  was  either  a  globule  of  platinum  or  of  nickel,  adhering 
p  a  mass  of  charcoaly  before  used.  That  this,  however,  could  not 
Save  been  the  case,  is  made  evident  both  in  the  fact  of  my  having 
that  day  selected  several  sticks  of  fresh  charcoal  for  my  experiments, 
ind  also  having  cut  off  at  least  an  inch  from  the  extremity  of  that 
piece  which  I  had  used  for  a  support.  1  have  been  the  more  parti- 
cular in  stating  these  trivial  circumstances,  because,  unfortunately, 
expecting  that  more  globules  would  appear  by  a  subsequent  applica- 
tibn  of  the  flatne,  I  exposed  again  the  whole  result  to  the  ignited 

Sj  J  and  the  metd  became  dissipated  in  consequence  of  the  heat, 
erein  consists  one  of  the  few  difficulties  which  persons  who  use 
the  ^ame  apparatus  will  have  to  encounter.  The  theory  of  the  re- 
duction, whether  of  borax  to  its  base  boracinm,  or  of  the  earths  to 
their  metallic  state,  is  thus  ingeniously  explained  by  Mr.  Holme : 
^'the  wb<  '••*i"  due  to  the  attraction,  which,  at  such  an 

iikaif^  ft.  ^^en  has  for  oocj/gen';*'  the  redaction  is, 

%ttekfii/  isi  but  it  t\ie  Yve«X  \i^  wsi^vcMsft.  ^ 
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single  iDstant  beyond  the  point  of  reduction,  ▼olatilization  instantly 
ensues ;  and  the  pure  metals,  which  eicisted  in  the  form  of  sock 
minute  globules,  disappear.  The  temperature  is  so  extraordinaiy, 
that,  having  no  means  of  measure  whereby  its  limit  may  be  ascus- 
tained,  an  idea  can  alone  be  formed  of  it  from  its  effects.  In  i 
former  publication  I  stated  that  the  drops  of  platinum^  which  fell 
during  the  fusion  and  combustion  of  platinum  wire,  weighed  JK)« 
grains  ;  but  they  are  often  much  greater ;  the  melted  metal  drops  in 
such  a  liquid  state  that  after  a  fall  of  about  an  inch  and  a  half  per- 
pendicular height  it  divides,  like  globules  of  mercury,  and  runs  about 
the  table.  Mr.  Harrison,  a  distinguished  Member  of  this  Univer^ 
sity,  now  of  the  Royal  Institution,  was  with  me  when  we  collected 
some  of  these  drops  weighing  six  grains :  he  considered  the  beat  of 
the  ignited  gas  as  being  much  greater  than  that  of  any  galvamc 
Lattery. 

I  shall  now  st^te,  as  briefly  as  possible,  a  few  other  trials  to  whicb 
I  have  submitted  some  very  refractory  substances,  by  means  of  die 
same  powerful  apparatus ;  that  is  to  say,  by  mixing  and  condensing 
two  parts,  by  bulk,  of  hydrogen,  added  to  one  part  of  oocygen,  io 
one  of  Newman's  blow-pipes  ;  igniting  the  gaseous  mixture  at  the 
extremity  of  a  thermometer  tube  adapted  to  the  same.  Ifaa 
excess  on  either  part  be  admitted,  it  is  better  that  it  should  prepon- 
derate on  the  part  of  the  hydrogen ;  because  this,  owing  to  its  ex- 
treme volatility,  is  apt  to  escape ;  and  the  smallest  loss  of  hydrogen^ 
by  altering  the  proportion  between  the  gases,  deteriorates  the  mix- 
ture ;  causing  it  to  become  extinguished  after  ignition,  when  pro- 
pelled in  a  full  stream. 

Sept.  19. — I  fused  plutonium  with  an  alloy  of  itlver  and  gdi 
upon  charcoal.  The  metals  imperfectly  combined.  By  continuance 
of  the  heat  the  silver  began  to  escape  iq  heavy  dense  white  fumes j 
and  also  to  burn,  with  a  slight  degree  of  scintillation. 

Sept,  20. — I  placed  a  bead  of  plutonium  weighing  one  grain  by 
the  side  of  a  bead  of  platinum  of  equal  weight  upon  charcoal.  The 
two  metals  were  fused,  and  ran  together  into  an  alloy  of  a  bronxe 
colour  weighing  two  grains.  Observing  that  pure  platinum  still 
existed  in  the  centre  of  this  alloy,  it  was  again  brouglit  before  the 
ignited  gas,  when  the  plutonium  began  to  burn  with  its  chrysoliie 
green  flame.  This  alloy  preserved  its  metallic  form  during  24  hours, 
when  it  fell  into  a  reddish  powder  resembling  the  red  oxide  of  plor 
ii/ium.  Plutoniumy  if  fused  in  contact  with  platinum,  always  tar- 
nishes the  latter ;  making  it  look  like  brass*,  and  if  alloyed  witbit^ 
the  colour  is  that  of  dark  bronze. 

Sept.  21. — Upon  the  surface  of  palladium  from  a  former  experi- 
ment there  renjained  small  beads  of  plutonium  ;  which,  when  file<)j 
possessed  such  silvery  whiteness,  that  I  believed  these  beads  lo  ex- 
hibit an  alloy  of  the  two  metals.  However,  after  retaining  their 
metallic  lustre  for  24  hours,  they  became  oxided  upon  their  surfaces; 
the  metallic  lustre  being  again  developed  by  the  renewed  acdoo  ^ 
the  file. 
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Sept.  23. — Formed  an  alloy  of  plutonivm  and  iron}  the  colour 
jet  black ;  and  ihe  alloy  brittle. 

Sept.  24. — Obtained  plutonium  from  barytes,  by  fusing  it,  per  se ; 
this  metal  is  infusible  before  the  common  blow-pipe  ;  but  it  may  be 
fij^ed  with  borax;  in  which  it  dissolves  like  barytes;  evolving  all 
tbie  while  gaseous  bubbles,  and  giving  to  borax  its  chrysolite  green 
oolour ;  but  disclosing  metallic  lustre  upon  the  action  of  the  file,  so 
long  as  a  particle  remains  undissolved. 

Sept,  25. — I  made  an  alloy  of  plutonium  with  copper.  This  alloy 
is  of  a  vermilion  colour;  but,  when  acted  upon  by  the  file,' the 
metallic  part  exhibits  the  lustre  and  colour  of  gold.  Before  the 
cpmmon  blow-pipe  it  is  decomposed  by  means  of  borax;  the  ptulo- 
miun  dissolves,  and  a  bead  of  pure  copper  is  obtained. 

SileXj  which  fuses  with  difficulty  when  in  the  form  of  rock  crystal^ 
became  easily  fused  by  the  following  process  : — It  was  mixed  with 
lamp  oil,  and  made  into  a  paste ;  this  being  placed  upon  charcoal. 
The  fusion  of  the  silex  was  now  rapid ;  it  ran  into  beads  of  various 
colours ;  sometimes  these  beads  resetnbled  corundum  rubies ;  at 
(Other  times  they  had  a  paler  hue,  or  were  of  r  green  colour.  When 
the  silex  was  mixed  with  water  they  were  white  and  limpid  as  rock 
crystaL 

During  the  fusion  of  pure  silex,  innumerable  gaseous  bubbles  arc 
fttustantly  escaping. 

Plutonium  placed  in  contact  with  a  bead  of  iron  and  fused  upon 
charcoal,  forms  an  alloy  with  iron  wliich  when  filed  exhibits  a  leaden 
aspect.  Externally  this  alloy  is  of  a  dark  bronze  colour.  In  this 
experiment  the  plutonium,  in  bulk,  was  double  that  of  the  iron. 

Sept.  2G. — Formed  an  alloy  of  silicium  and  iron  ;  by  fusing  silex 
first  mto  a  bead,  and  then  heating  it  in  contact  with  iron.  The 
alloy  appeared  as  a  black  slag-like  brittle  substance ;  but  it  admitted 
the  action  of  the  file,  and  disclosed  a  metallic  surface  somewhat 
whiter  than  pure  iron. 

Proceeded  in  the  same  manner  with  magnesia.  This  earth  is 
exceedingly  difficult  of  fusion.  It  tinges  fiame  of  a  pale  red  colour. 
By  mixing  it  with  oil,  and  cautiously  confining  it,  it  ran  at  last  into 
a  white  opal^e  glass;  which  being  fused  in  contact  with  irmi,  intu- 
mesced,  and  exhibited  an  alloy  oi  magnesium  and  iion,  of  a  slag-like 
appearance,  somewhat  brittle ;  but  admitting  the  action  of  the  file; 
aod  disclosing  metallic  lustre. 

These  experiments  tend  to  confirm  an  opinion  of  Sir  H.  Davy, 
that  cast  iron  is  made  malleable,  by  expelling  the  metals  of  the 
earths  ;  because,  vice  versa,  malleable  iron  became  brittle,  by  being 
made  tocontkin  them. 

Sept.  27. — In  reducing  strontian  to  the  metallic  state,  I  observed 
that  the  following  process  answers  best: — 

i.  Mix  the  earth  into  a  paste  with  lamp  oil;  it  is  almost  infusible, 
per  se,  even  before  the  ignited  gas. 
-    3.  Place  it  within  a  cavity  at  the  end  of  a  stick  of  charcoal. 
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S.  Suffer  (he  ignited  gas  to  act  upon  h  until  it  coheres  and 
hard  enough  to  be  taken  out  in  a  mass. 

4.  Kxpose  it  witboiit  charcoal  before  tiie  ignited  gns ;  supported 
m  platinum,  or /row  forceps ;  taking  care  that  the  forceps  be  nil 
acted  upon  by  ttie  flame ;  until  a  partial  fusion  has  taken  place. 

5.  place  it  again  upon  the  cliarcoal,  and  assist  the  fusion  by » 
little  I'orax  as  possible.  It  will  now  become  partially  vitrified,  and 
perhaps  appear  to  be  entirely  so. 

6.  Expose  this  vitrified  substance  again  by  means  of  (orcepJ, 
without  charcoal  to  the  flatne ;  it  will  now  melt  into  a  jet  btsek 
shining  itietal,  which  by  the  action  of  a  file  mil  disclose  metalSt 
lustre  equal  to  that  of  polished  silver. 

During  this  last  experiment,  care  should  be  used  that  the  wliitt 
fumes  which  escape  sometimes  white  the  strontium  is  forming,  bt 
not  inhaled  upon  the  lungs ;  they  are  acrid  and  suffocating. 

Sept.  2H. — Made  an  alloy  of  platimim  and  stiver ;  which  w«s!|b 
malleable  that  a  large  bead  of  it  was  extended  by  means  oft 
hammer  into  a  circular  plate,  without  a  single  fracture  towards  tht 
edges.  This  alloy  is  easily  made  before  the  ignited  gas  upon  > 
piece  of  charcoal,  and  might  prove  very  serviceable  for  mmee\ 
owing  to  its  incorruptibility  and  hardness.  Its  lustre  when  polistwd 
is  equal  to  that  of  pure  silver. 

Exposed  ten  grains  of  Kupfer  nickel  upon  charcml  before  the 
ignited  gas.  At  the  first  action  of  the  flame  the  arsenic  came.off 
in  copious  fumes,  and  appeared  in  the  metallic  state  boiling  upob 
the  ore.  As  soon  as  this  had  been  expelled,  finding  that  the  talAai 
was  difficult  of  fiision,  borax  wa^  added,  and  the  whole  force  of 
the  heat  applied,  A  brilliant  white  metal  iiaving  all  the  lustre  of 
pure  silver  was  now  seen  flowing  from  the  ore.  By  continuance  of 
the  heat  it  began  to  be  dissipated  in  white  fumes.  It  was  therefore 
talten  out  and  examined.  By  filing  it  disclosed  a  most  brilliant 
surface.  It  was  also  malleable;  and  became  flattened  by  sligbt 
pressure.  But  by  a  smart  blow  from  a  hammer  it  separated  and 
exhibited  a  splendid  lamellar  structure.  Before  the  common  blow- 
pipe it  still  dtflused  a  slight  smell  of  arsenic,  and  was  fusible  until 
this  was  driven  off.  Itgave  colour  to  borax;  first  green,  afterwardsa 
hrowniik  red ;  t)\eJiTst  of  these  colours  it  exhibited  to  the  prussiate 
of  potash,  after  solution  in  muriatic  acid ;  the  second,  after  solution 
in  nitric  add. 

My  last  experiments  in  the  month  of  September  were  made  on 
the  30th,  upon  crystals  of  siliceo-cakoremis  titanium.  I  kept  one 
of  these  exposed  to  the  most  inieiife  heat  of  the  apparatus  unull 
had  exhausted  a  bladder  containing  five  pints  of  the  gaseous  mit- 
turc.  I  then  added  lorax.  The  metal  appeared  boiling  and  flowing 
about  upon  the  charcoal  used  as  a  support.  When  taken  oiit,  it 
exhibited  a  reddish  mass ;  and  this,  examined  with  a  lens,  appeared 
to  consist  entiiely  of  spiculcB,  which  were  minute  needle  crretals 
crossing  eacb  other  like  net- work,  in  all  directions.    In  soinepaiB 
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tpiculte  stuck  out  like  hairs.  This  was  evidently  an  oxide  of 
tmaii  answerint;  to  the  appearance  frequently  exiiibited  in  rock 
lal,  called  by  Tlie  Frencli  mineralogists  "  Cheveux  dc  Venus." 
colour  of  the  pure  metal  is  not  red,  although  it  has  beeo  often 
so  described  in  books  of  chemistry.  Upon  brtngiag  this  substance 
,^ef»re  the  ignited  gas  without  charcoal,  it  was  reduced  to  a  pure 
ViBlal;  and  this  metal,  with  a  black  sur&ce,  exhibits  after  being 
filed  the  lustre  and  colour  of  pure  polished  iron,  and  is  perhaps  as 
malleable. 

1  have  now  brought  my  observations  to  their  conclusion.  In  the 
Wginning  of  this  letter  1  have  stated  the  result  of  my  experiaienls 
during  the  present  month.  Having  been  occupied,  during  almost  a 
quarter  of  a  year,  iti  unwearied  attention  to  the  efi'ecta  produced  hj 
ibe  most  powerful  engine  which  chemislry  ever  yet  employed,  I 
cannot  take  my  leave  of  the  subject  without  congratulating^  every 
lover  of  the  science  upon  the  means  whicli  it  will  put  into  hk  hands. 
To  use  your  own  language,  "  this  new  method  of  analysis  will 
iacilitate  the  production  of  various  new  bodies  hitherto  obtained 
with  considerable  difficulty ;  and  while  tlie  experiments  now  made 
ibo'.v  the  small  confidence  that  can  be  placed  in  analogical  reasoning 
m  chemistry,  they  have  brought  to  light  a  new  aeries  ot  important 
ftcts,"  The  conjecture  of  Lavoisier,  and  the  death-bed  declaratioB 
of  Pelletier,  conKded  so  many  years  ago  to  his  triend  Dolomieu, 
save  now  been  realised.  •  "  La  baryle  pourroii  hien  Stre  d'lme 
nature  metallique — and  when  we  add  the  marvellous  tact  that  all 
the  other  earths  seem  to  be  susceptible  of  a  similar  reduction  \  that 
ihn  metal,  of  stronliaii  is  before  our  eyes  j  and  that  6oron  has  also 
exhibited  a  metalline  base;  this  truth  Becomes  almost  an  axiom; 
that  all  the  constituents  of  created  nature  are  comhuUibU;  and  - 
ahhough  it  be  not  jiermitted  to  the  chemist,  "  who  finds  liis  endea- 
vours to  comprehend  the  works  oi creation  checked  at  every  turn,"t 
to  pry  into  "  His  ways,  which  are  past  finding  out,"  yet,  aaa 
philosoplier,  he  will  probably  call  to  mind  the  remarkable  predictioif 
which  ordains,  for  the  final  dissolution  of  the  material  world,  that 

"  THE  UARTH,    MiD  THE  WORKS  THAT   ARB  TUBRBIN,    SHALL  BB 
BUItNT  UP." 

1  have  the  honour  to  be,  &c.  &c. 

EiArUge,  OU.  5,  1816.  EdWARD    DaNIEL    ClAHKB. 

',  S.  I  consider  it  as  necessary,  for  the  sake  of  my  chemical 
srs,  who  will  doubtless  feel  anxious  to  repeat  the  curious  aad 
important  experiments  of  Dr.  Clarke,  to  insert  here  the  following 
paragraph  of  a  letter  which  I  have  received  from  him  since  thij 
■"■jer  was  written. — T.] 

Hauy,  Traili  de  Mineralogie,  to  817,     Paris,  1801. 

t  Wat^on'i  CIicintt;iil  KsM^i,  vol,  I.  Cambridgir,  ITiil. 


S64  Account  of  the  late  Earthquake  in  Scotiand, 

This  morning  (Oct.  7)  I  h^cl  been  exhibiting  the  reductioaof 
rytes  to  some  chemical  friends ;  and  the  gas  being  eidiausted^  If 
the  reservoir  as  usual.     I  had  some  nitrate  ofharytes  upon  c&ofi 
but  as  it  was  in  a  very  deliquescent  state,  1  wbhed  to  let  as  Uttk 
the  gas  ignite  as  possible,  that  it  might  not  be  blown  away  by  to^ 
powerful  a  blast.     I  had  therefore  my  left  hand  upon  the  ooppt 
box,  slowly  turning  the  handle  of  the  valve  until  it  was  at  aboit 

this  angle  with   the   tube  ^L    :   at  this  moment^  idtbout  aif 

apparent  retrograde  motion  of  the  flame,  although  I  had  a  tube  of 
four  inches  in  length,  the  whole  of  the  highly  condensed  gaseb 
ploded.  A  piece  of  the  plate  copper  was  driven  between  meinl 
my  servant,  and  struck  with  the  force  of  a  cannon  shot  against  the 
chimney  at  the  end  of  the  room — all  the  rest  of  the  copper  WM 
torn  and  distorted — the  stop-cfack,  piston,  and  bladder,  were  bknia 
into  the  air. 

I  shall  also  l)e  obliged  to  you  to  add  a  note  to  the  paperl  seot^ 
respecting  the  precipitate  afibrded  hy  Plutonium  in' m/rtc  and  in 
muriatic  acids,  to  the  prussiate  of  potash,  I  made  experimenti  3 
with  acids  perfectly  pure,  with  distilled  water  to  dilute  them,  and 
with  crystallized  prussiate  of  potash.  First  I  tried  the  acids  withoat 
the  metal — there  was  no  colour  produced  by  the  prussiate  qfpotask 
When  the  metal  was  added,  the  colour  of  the  precipitate  in  muriatit 
acid  was  emerald  green  ;  and  in  nitric  acid  it  was  also  green,  but  of 
a  different  hue;  like  chrysolite  green^  or  rather  darker,  inclining  to 
brown. 

Very  faithfully  yours, 

E.  D.  Clarkb. 


Article  VIII. 

Account  of  the  late  Earthquake  in   Scotland, 
By  Thomas  Lauder  Dick,  Esq. 

(To  Dr.  Thomson.) 

SIR,  Relugas,  Sept.  21,  1816. 

I  BKLiEVK  the  public  are,  ere  this,  informed  by  the  newspapers 
of  njost  of  the  particulars  of  the  late  earthquake  in  Scotland;  but 
these  happy  realms  are  so  rarely  disturbed  by  similar  convulsions, 
that  you  will  probably  consider  it  as  an  event  worthy  of  being  regis- 
tered in  the  more  permanent  pages  of  your  Journal.  With  this  idea 
I  now  offer  you  the  following  detail,  partly  drawn  up  from  my  own 
observations,  and  private  information  leceived  from  different  places; 
and  partly  from  the  notices  viVdcK  V\^\e  a^^eared  in  the  public 
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Snits.  I  beg  you,  however,  to  understand,  that  I  shall  be  haippy 
^^ resign  my  claim  to  your  attention,  in  favour  of  any  paper  on  the 
Hme' subject,  which  may  reach  you  from  a  more  intelligent  quarter. 
^Although  earthquakes  have  been  at  no  period  very  frequent  in 
||^ese  kingdoms,  yet  instances  of  them  have  not  been  altogether 
Mmting,  as  we  learn  from  some  of  our  older  writers,  as  well  as 
afbm  the  more  distinct  and  better  authenticated  accounts  of  those 
"^hich  have  happened  in  more  modern  times.  But  happily  the 
shocks  have  been  always  comparatively  of  the  mildest  nature  ;  and 
tven  the  late  instance,  though  remarkable  for  its  greater  intensity, 
lAen  compared  with  those  recorded  as  having  hitherto  affected 
fireat  Britain,  would  haye  probably  passed  almost  unnoticed  in 
other  countries,  where  similar  phenomena  are  more  cpmmon  and 
■Sore  terrible.  Perhaps  a  short  enumeration  of  some  of  those  ter- 
restrial convulsions  which  have  agitated  this  empire  at  different 
times,  without  attempting  any  complete  catalogue,  may  not  be  ua« 
icceptable  as  a  preliminary  part  of  this  paper. 

An  old  manuscript  chronicle,  written  by  several  citizens  of  Perth, 
Attentions  that,  *^on  July  23,  15ii7>  there  was  a  great  earthquake 
in  sundry  places  and  parts  of  this  realm.'' 

On  Nov.  8,  1608,  about  nine  o'clock  in  the  evening,  the  people 
of  Aberdeen  were  dreadfully  alarmed  by  an  earthquake,  which; 
being  considered  as  a  manifestation  of  God's  wrath  against  the  city 
for  the  sins  of  its  inhabitants,  the  magistrates  and  clergy  ordered  the 
Dext  day  to  be  set  apart  for  fasting  and  humiliation.  It  is  curious 
enough, to  observe  that  the  sin  of  which  the  bishop  seems  most  par- 
ticularly to  have  complained,  and  against  which  he  conceived  the 
Wrath  of  the  Almighty  to  have  been  more  immediately  directed,  wa* 
that  of  fishing  for  salmon  on  Sunday :  and  accordingly  the  pro- 
prietors of  salmon  fishings  being  called  before  the  Session  (an  eccle- 
oiastical  court),  "  some  promist,"  says  its  register,  "  absolutely  to 
forbear,  both  hi  themselffs  and  their  servands  in  tyme  cuming; 
others  promeist  to  forbear  upon  the  condition  subscrcyvant ;  and 
some  plainlie  refussit  any  way  to  forbear ;  and  sum  were  not  iho- 
roughlie  resolved." 

The  last  shocks  of  earthquake  felt  in  Ijondon  were  those  on.  Feb. 
8,  arid  March  8,  17-^9.  These,  however,  seem  to  have  had  no 
other  effect  than  that  of  frightening  tlie  inhabitants. 

On  Sept.  30,  1750,  an  earthquake  was  felt  in  \^rious  parts  of 
England ;  the  centre  of  its  action  seemed  to  be  about  Daventry,  in 
Northamptonshi  re. 

The  dreadful  earthquake  of  Lisbon,  Nov.  1,  17^5,  was  felt  in 
some  degree  over  a  great  part  of  Europe.  In  these  islands  it.  pro- 
duced very  sensible  effects.  At  Beelsborough,  in  Derbyshire,  a 
great  poise  was  heard ;  and  a  large  body  of  water,  called  Pibley 
Dam,  rose  and  fell  in  a  most  wo*"  ^  ^m1  manner.  A  similar  noise 
was  heard,  and  a  like  effect  pn  a  canal  at  Busbridge,  in 

Surrey;  and  in  a  pond  at  Cobhai  ^e  county.  AtDuostal, 
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in  Sussex,  the  w&ter  of  a  pond  rose  gradually  fur  some  mibi 
the  form  of  a  pyramid,  and  fell  suddenly  down  again,  ^i''^J^|' 
spout.  At  Eaton  Bridge,  in  Kent,  ilie  water  of  a  pond  opeij 
ihe  middle,  so  as  almost  tt*  show  the  bottom.  At  Shirebdur,^ 
Castle,  in  Oxfordshire,  tlie  water  of  a  moat  wae  much  aflected.  if 
Whiterock,  Glamorganaliirei  the  tide  rushud  in  with  great  violence 
driving  the  vessels  belbre  it,  and  almost  oversetting  them.  At  Kii^ 
sale,  in  Ireland,  there  was  a  tremendous  rush  of  water  into  M 
haibour,  which  did  much  dumage  to  the  shipping.  At  the  s 
time,  in  Scotland,  Loch  Lomond  rose  and  fell  violently ;  and  K 
large  stone,  lying  a  considerable  way  within  the  lake,  but  in  slialldtt 
water,  was  forced  out  of  its  place,  and  driven  upon  the  dry  Inn^ 
leaving  a  deep  furrow  to  point  out  the  track  in  which  it  had  btto' 
moved.  Lochs  Ness  and  Oich  also  underwent  similar  agiiattL>iis  ta 
those  observed  in  Loch  Lomond, 

Some  time  about  the  year  {"JGA  a  shock  of  earthquake  was  felt  in 
the  parish  of  Logierait,  in  Perthshire,  lis  direction  was  from  G. 
to  W.,  and  its  duration  was  about  a  second  or  two. 

About. the  year  177^  ^  slight  shock  of  eanlicjuake  seems  to  bm 
been  experienced  at  Inverness. 

In  1777  th^re  was  an  earthquake  at  Manchester,  the  sensatituOf 
which  extended  ]  40  miles,  '1  he  bells  were  heard  to  toil  twice,  fa' 
this  case  the  rumbling  Boise  was  loudest,  and  most  distinct,  in  tbe 
vicinity  of  conductors  of  electricity. 

During  the  Calalirian  earthquakes  of  I7B2,  the  barometer  in 
Scotland  sank  within  a  tenth  of  an  inch  of  the  bottom  of  the  scale, 
and  the  waters  of  many  of  the  Highland  lakes  were  much  agi- 
tated. 

On  Sept.  12,  1784,  about  nine  o'clock  in  the  morning,  the  At 
being  perfectly  calm,  the  water  at  the  east  end  of  Loch  Tay  ebbed 
about  300  feet,  leaving  so  much  of  its  chaimel  dry.  It  then  pa* 
dually  accumulated,  and  rolled  on  about  300  feel  further  to  the 
westward,  where,  meeting  a  similar  wave  rolling  in  a  contrpty 
-direction,  both  united,  rose  toa  perpendicularheight  of  fivttorsil 
feet,  producing  a  white  foam  on  the  top.  The  water  then  took  S 
lateral  direction  souihwnrd,  rushing  to  the  shove,  and  rising  iipoH  it 
four  feet  beyond  the  highest  waler-aiark.  It  then  returned,  oA 
continued  to  ebb  and  flow  every  seren  minutes  for  two  hours;  the 
Waves  gradually  diminishing  every  time  they  reached  the  shore,  iWiil 
the  whole  was  quiescent.  Tlie  same  appearance  occuired  every  diy 
for  an  entire  week,  but  with  less  violence,  and  at  a  later  hour. 

OnMarch  II,  1785,  the  river  Tiviot,  in  Scotland,  suddenlydis- 
appeared,  and  left  its  channel  dry  for  two  hours,  when  it  again 
began  to  flow  with  its  usual  current. 

On  June  1(!,   1786,  a  smart  shock  of  earthquake  was  felt  at 
WhileHavcn,  in  Cumberland,    which  extended  to  the  south-WMl 
parts  of  Scotland,  to  the  Isle  of  Man,  and  even  to  Dublin. 
.  OnJVug.  ]  Ij  17861  a  very  alarming  shock  of  an  earthquakri 
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abQUt  tw.Q  o'clock  m  the  mornizig^  in  Northiimberlaod  and 
berland ;  and  in  Scotland  it  extended  across  tjbe  island,  and  as 
iQjTlh  as  Argyleshire,  The  es^tent  of  this  shock  was  above  1 50 
\  fronj.&outji  to  north,  and  100  miles  from  east  to  west ;  and  it 
ivery  where  felt  at  the  same  moment. 

)  Jfm*  25,  17^79  the  river  Tiviot  again  became  suddenly  dry^. 
continued  so  for  four  hours,  when  it  again  began  to  run  as 

I. 

\  Jan,  26,  17^79  about  ten  o'clock  in  the  morning,  a  smart 
c  of  an  earthquake  was  felt  in  the  parishes  of  Campsie  and 
hblane,  ten.  miles  north  of  Glasgow.  A  rushing  noise  from 
south-east  preceded  the  shock.  The  night  before,  a  piece  of 
ad  with  a  mill  on  it,  near  Alloa,  suddenly  sank  about  a  foot 
L  half.  On.  the  same  day  with  this  earthquake,  the  river  Clyde, 
e  Lanark,  became  almost  dry  for  two  hours,  so  as  to  stop  the 
I. 

D  July  8,  17SB,  an  earthquake  was  felt  in  the  Isle  of  Man; 
m  the  same  day  the  sea  at  Dunbar  suddenly  receded, 
n  Sept.  30,  17^2,  the  same  day  with  the  earthquake  at  Borgo- 
m  Sepolchro,  in  Italy,  three  distinct  shocks  of  earthquake  were^ 
It  the  house  of  Parsons  Green,  on  the  north  side  of  the  hill  of 
uc  Seat,  near  Edinburgh. 

uring  the  autumn  of  17^0,  the  inhabitants  of  Glenlednaig,  ia 
wirish  of  Cororie,  in  Perthshire,  were  alarmed  by  several  smart 
k3  of  earthquake ;  and  on  Thursday,  Nov.  5,  of  the  same  year, 
art  shock  of  earthquake  was.  felt,  between  five  and  six  o'clock 
le  evening,  at  Crieff  and  Comrie,  and  for  many  miles  round 
district.  At  Liawers  House  a  rumbling  noise,  like  that  of  dis*- 
thunder,  had  been  heard  at  intervals  for  two  months;  and  at 
iipe  of  the  shock,  a  noise  like  the  discharge  of  distant  artillery 
listinctly  heard.  The  house  was  shaken  as  if  its  foundation 
tieen  struck  by  an  immense  mallet.  At  the  village  of  Comrie, 
ohabitants  left  their  houses,  and  ran  to  the  open  fields.  Qn 
forenoon  of  Nov.  11,  of  the  same  year,  a  still  more  violent 
k  was  felt  in  the  same  place,  accompanied  with  a  hollow 
bling  noise ;  and  the  ice  on  a  piece  of  water  near  the  house  of 
ers  was  shivered  to  atoms. 

n  Nov.  10,  1792,  three  repeated  smart  shocks  of  earthquake, 
mpanied  by  a  noise  like  that  of  distant  thunder,  were  felt  on 
sanks  of  Loch  Rannach,  in  Perthshire. 

I  1792,  the  neighbourhood  of  Comrie,  •  in  Perthshire,  was 
1  at  different  times,  disturbed  by  several  smart  shocks  of  earth- 
ly much  more  distinctly  sensible  and  alarming  than  any  pre* 
ily  experienced  in  that  quarter. 

D  Jan.  17,  and  on  Feb.  24,  1799,  earthquakes  were  again  felt 
id  near  Comrie.    The  motion  of  the  earth  was  from  west  to 
The  sliocks. lasted  about  two  seconds,  but  the  subterraneous^ 
I  lasted  much  longer* 
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About  the  year  1800,  another  slight  shock  of  earthquake  teen 
to  have  been  felt  at  Inverness. 

On  Sept.  7)  1801,  a  smart  shock  of  earthquake  was  distincd; 
felt,  at  six  o'clock  in  the  morning,  at  Edinburgh,  Leith,  and  de 
neighbourhood.  It  lasted  for  two  or  three  seconds,  but  was  unl^ 
companicd  by  any  noise.  The  sensation  within  doors  seemed  asif 
the  house  had  been  gently  lifted  upwards,  and  then  violently  shtkcn 
in  a  direction  from  north  to  south.  On  this  day  the  gable  of  an  old 
barn  near  Ijklinburgh  fell  in  upon  some  reapers,  crushing  two  women 
to  death,  and  dreadfully  bnn'sing  a  third.  A  large  tenement  in 
Paterson's  Court  also  sank  so  considerably  as  to  render  the  imIll^ 
diate  abandonment  of  it  by  its  inhabitants,  and  its  ultimate  ccb- 
demnation  by  the  magistrates,  necessary  for  safety.  It  appeus, 
however,  to  have  been  doubtful,  whether  these  accidents  wtre 
casual,  or  whether  they  originated  from  the  earthquake.  The 
centre  of  this  shock  seems  to  have  been  at  Crieff  and  Comrie.  To 
the  west  it  was  felt  at  Loch  Earn  Head,  Killin,  Tynedrum,  and 
Glenfinlas,  extending  southwards  to  Glasgow.  It  ran  down  towards 
Perth,  and  was  sensibly  felt  at  Callendar,  and  on  both  sides  of  tbe 
Forth  at  Grangemouth,  Toryburn,  Culross,  Dunfermline,  &c.  It 
is  somewhat  remarkable  that,  although  it  was  distinctly  felt  in  the 
New  Town  of  Edinburgh,  it  was  not  at  all  perceived  in  the  OU 
Town,  or  to  the  south  of  it.  •  .-. 

This  list  might  no  doubt  be  very  much  increased  by  penooi 
Ixaving  better  opportunities  of  research  than  I  can  at  present  com- 
mand ;  and  it  is  even  not  unlikely  (though  I  am  not  aware  of  aoy) 
that  some  sensations  may  have  been  experienced  in  Great  firitain 
between  the  shock  of  1801  and  that  which  occurred  lately,  aod 
which  has  been  proposed  as  the  object  of  this  paper. 

Tliis  earthquake  took  place  on  the  evening  of  Aug.  13  last,  at  a 
quarter  before  eleven  o'clock :  such  at  least  is  the  precise  time  in 
which  most  of  the  evidences  agree  ;  for  a  variation  of  the  clocks 
and  watches  of  different  places  have  led  to  a  corresponding  varia- 
tion as  to  tlie  time  of  the  commencement  of  the  phenomena,  to  the 
extent  of  nearly  half  an  hour  between  the  extremes  of  all  the 
different  accounts.  But  there  is  nothing  in  any  of  these  to  lead  us 
to  suppose  that  tlie  shock  was  not  every  where  perfectly  simulta- 
neous. As  it  appears  to  have  been  infinitely  more  violent,  so  its 
influence  seems  to  have  been  of  wider  extent,  than  that  of  any  of 
those  which  have  hitherto  agitated  Great  Britain.  Taking  as  our 
guides  the  names  of  those  places  from  which  there  have  been  cfr- 
tain  accounts  of  its  having  produced  some  kind  of  sensation ;  and 
in  order  to  mark  the  surrounding  outline  of  the  field  of  its  action  on 
tiie  map,  we  should  begin  at  the  Pentland  Firth,  and,  tracing  round 
tlie  coast  to  tlie  westward  and  south,  we  should  touch  at  Gairloch 
and  Loci)  Carron  ;  and  proceeding  by  Loch  Lochy  souUi-eastwards 
to  Glasgow,  and  afterwards  to  the  river  Tweed  at  Coldstream,  we 
5/jouW  return  northwards  Vi^UiivuWx^Vv^wil^tU,  and  so  along  the 
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whole  tastern  coast  of  Scotland  to  the  point  from  whence  we  at  first 
let  out.     Perhaps,  indeed,  the  shock  may  have  been  sensible  at 
points  even  without  this  line,  to  the  westward  and  south,  but  such 
IB  the  result  of  an  inspection  *>f  the  various  notices  which  I  have 
■cen.    The  two  diameters  of  the  space  enclosed  by  this  extensive 
faeandary,  within  which  its  effects  were  manifested  in  a  greater  or 
tleaicr  degree,  may  at  a  rough  calculation  be  supposed  to  measure^ 
'^ba  one  about  240  miles  from  north  to  south,  and  ihe  other  about 
IM  miles  from  east  to  west.    But  as  the  sensation  appeared  to  have 
*heen  but  slightly  felt  at  Glasgow.  Coldstream,  and  Edinburgh;  and 
•s  it  hardly  affected  that  portion  of  Scotland  where  these  towns  are 
rituated,  we  must  confine  the  range  of  its  more  active  exertion  to 
the  country  between  the  Tay  and  the  Pentland  Firth.     All  the 
rdtflferent  details  seem  to  agree  that  the  direction  of  the  concussion 
-was  from  north-west  to  south-east.    But  there  is  not  the  same  uni- 
formity of  opinion  as  to  the  duration  of  the  phenomena ;  some  ac- 
oounts  making  it  only  one  or  two  seconds,  whilst  others  are  of 
4)ptDion  that  it  lasted  as  many  minutes.     1  have  no  doubt  that  as 
difference  of  situation  might  produce  a  very  considerable  difiisrence 
in  the  intensity,  so  it  mjght  also  in  the  continuance  of  the  vibration. 
Vet  after  mature  reflection,  and  a  due  comparison  of  the  various 
tntimonies,  I  am  inclined  to  think  that  the  whole  of  the  pheno- 
mena attending  it,  could  not  any  where  have  occupied  a  much 
grmter  portion  of  time  than  one  minute.  Although  its  violence  was 
difiisrently  modified  in  different  situations,  and  those  too  at  no  great 
dialKnoe  from  each  other,  yet  its  grandest  efforts  were  unquestionably 
txerted  immediately  under  the  town  of  Inverness ;  from  which 
|x>int  as  a  centre,  speaking  generally,  its  force  seemed  to  diminisby 
with  the  exception  of  some  anomalies,  in  every  direction  towards 
the  line  of  circumference  already  defined.    But  your  readers  will 
iDrm  a  better  idea  of  the  nature  and  strength  of  its  operations,  from 
an  exhibition  of  the  substance  of  some  of  the  more  prominent  und 
iotvnresting  accounts  given  by  observers  in  different  quarters,  which 
lahall  proceed  to  lay  before  them  in  succession,  after  describing  ia 
Ab  first  place  what  were  my  own  personal  observations  and  feelings 
eo  the  occasion.  ■       ' 

The  situation  of  this  place  is  a  rocky  peninsula,  composed  almost 
emirely  of  gneiss,  between  the  rapid  and  deep  bedded  rivers  Find- 
korn  and  Divie;  the  latter  describing  nearly  three-fourths  of  a 
circle  round  the  site  of  the  house,  which  stands  on  a  thick  bed  of 
gravel  lying  over  the  subjacent  rock;  isolated  on  every  side  by  the 
Kiound  declining  from  it,  excepting  on  the  east,  where  a  little  hilt 
lises  over  it.  The  house  itself  consists  of  two  stories,  rising  directly 
ftmn  the  ground,  being  built  in  the  villa  style.  I  am  thus  ])arti- 
aalar^  because  I  conceive  that  a  knowledge  of  the  various  situations, 
and  a  eomparitcni  of  the  variety  of  intensity  of  shock  at  different 
]4u;e8,  might  f>0B8ibly  tend  *iome  little  aid  in  throwing  light 

<Hi  the  theory  of  aartnqpaalM  ^  ^inae  of  the  convulsion,  my 

fiimily  were  variously  diipoi  '^  to  b^  %\\tvcv%  ^%. 

Vol.  Yin.  N'>  V. 
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table  in  a  room  on  the  groDnd  floor,  in  the  north-watem 
the  building,  busily  employed,  when  in  an  iojtant  1  was 
by  a  trementlous  rumbling  noue,  which  1  can  alone  compAre  tb 
occanoned  by  a  number  of  cannon  and  artillery  waggons  ' 
driven  luriouily  over  the  parcment  of  a  vauhed  court-yard.  , 
house  stands  perfectly  solitary,  and  surrounded  by  s  large  opefts] 
of  dressed  gravel,  my  astonishment,  and  that  of  a  lady  who ' 
the  room  with  me,  was  very  considerable ;  nor  was  it  diminlBl 
the  otherwise  esireme  calmness  and  silence  of  the  night, 
lasted,  to  asto  atlbrd  us  eufBcient  time  to  offer  several  conji 
one  anmher  about  the  cause ;  when  in  a  moment  it  appei 
suddenly  transferred  from  the  gravel  to  the  floors  of  the  HM 
Our  heads.  The  doorp,  windows,  and  furniture  of  everyl 
the  hoiise,  seemed  to  be  instantaneously  and  violently  i 
clashing  and  rattling  tremendously.  The  whole  tabric  of  4J 
lion  now  began  to  shake  from  its  foundation ;  and  the  floor, 
chair  on  which  I  sat,  were  several  times  moved  powerfully  Vl 
down  in  quick  succession,  whil<it  along  with  this  vertical 
felt  the  chair  rapidly  agitated  backwards  and  forwards  boci 
as  if  some  lierculean  person  had  taken  it  U])  with  both  luincbl 
behind,  and  shaken  it  with  violence.  Of  this  compound  " 
was  perfectly  sensible.  Tbe  table  and  the  lamp  at  which  I 
ployed  seemed  tO'  dance  before  my  eyes;  and,  upon  refli 
disiiaclly  heard  the  beils  in  the  kitchen  ring  very  loudly,  tbAta(. 
the  time  1  very  naturally  attributed  their  sound  to  their  havifkg'bMW 
pulled  by  a  lady  who  had  retired  to  her  bed-raom  two  or  three  miautn 
before,  and  whose  alarm  I  conceived  had  led  her  to  have  recount 
to  them.  1  had  no  sooner  feh  the  &rst  impulse  of  the  treaiuloul 
BotioD,  than  I  exclaimed  that  it  was  an  earthquake,  and  imine- 
diately  took  out  ray  watch,  in  order  to  mark  the  time  of  its  occac* 
Muce  and  duration  ;  but  as  it  did  not  tell  the  seconds,  I  must  coafcM 
that  an  inspection  of  it  could  only  enable  me  to  form  a  rude-  guM 
as  to  the  latter  point.  The  lady  who  was  by  me  had  twice  espe- 
nenced  earthquakes  on  the  Continent,  and  immediately  agreedwid 
me  IB  attributing  the  sensations  we  theu  felt  to  that  cause.  TTw 
whole  house  u'as  now  in  confusion,  and  exclamations  of  noniei 
and  alarm  were  heard  from  every  quartet  of  it.  1  went  intotbt  i 
lobby;  where,  to  my  very  great  surprise,  although  all  (he  mure 
KOuble  e&cts  were  already  over,  I  remarked,  that  such  pf  tltf 
doon  of  th«  upper  rooms  entering  from  the  landing-place  as  lop' 
peiMdtobe  open  were  moving  pretty  rapidly  backwards  ^nd  fino 
wards,  creHktng  upon  their  hinges ;  and  this  motion  they  contlnae^ 
to  «ihifait  for  a  considerable  time.  Two  maid  servants  who  Jayi* 
the  top  of  tbe  back  part  of  the  house  were  awakened  by-  the  noIs* 
from  the  deep  sleep'  generally  ensured  by  labour.  One  of  (henb 
thought  that  there  were  people  murdering  her  companion,'  andl^ 
treuihJing  in  silent  horroE  tilLthe  violent  movement  of  the  floor ud 
their  beds  made  both  of  them  jump  out,  and  run  down  stairs  n^ 
dlreisedosthey  ivetCt-ple  ts  oor^ies,  and-ihririun^  with    '  ~^' 
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M  finoljr^isuftded  that  it  was  tfaeltey  of  Judgment.  >  A  vouog 
MMiaiii^Twlu)  hiid  just  gone  to  rest,  in  anotbefptrt  of  .the  Bouae^ 
Mt  aul  tliat  his  bed  and  the  rooai  were  moring  with  Ubk)  aod 
ifterwardtdetcribed  that  he  bad  been  turned  first  over  iqpoBrODe 
y  4ind  then  upon  the  other,  for  aeveral  times  alternately.  Amab 
fmt.wbo  sleeps  in  a  jiaved  room  on  the  ground  floor,  at  the  back 
\  i  6f  northftastem  angle,  of-  the  house,  having  estiqgaished  hb 
Ue  to  go  to  bed,  just  as  the  shock  commenced^,  was  heaved <ap 
(down,  and  to  and  fro,  in  the  same  way  as  I  was  ia  theMOorth^- 
lerA  angle,  lo  the  nursery  there  were  two  maidb  asleep  with  idke 
dbreo*  It  is  situated  in  the  southreastern  angle:  of  die  bouse^ 
lie  Jtbe  sensation  of  the  shock  was  certainly  much  .less  .thaO'.sa 
)liwtbern  and  western  parts  of.it.  But  even  there  it.  was  very 
iMs.  One  of  the  girls  was  awakened  by  it ;  aoidattribitting  ibe 
ipntothat  faneied  feeling  which  sickness. somati tees  loddcdB^ 
Uarcame'very  miserable,  supposing  that  she  Irad  been  suddenly 
rar  dangerously  ill.  It  was  odd.enoughtbatj.  althoogb/the  otbir 
>dBd  .not  awake,  her  companion  heard  herwdistisQlljr^^daia^ia 
alttqfv  io  ^  tone  of  great  distreis,  that  she  hftd  tbrowo.down  iA 
[M^Uilngs.  During  the  esLtreme  violence  .of.  ^  shock,  UIm 
iing:5¥aa  such  that  I  felt  firmly  persuaded  it  waaqtHteJmpsasibU 
ifafmset  could  stai^  it  much  longer^  But  I  :am  since  jm&cily 
ifoi^  fromihe  trifling  effects  it  produced^,  even  oa  ti»  Jdlsduaa 
Igila^  not  one  of  whieb  seemed  to  ha/ve  been  deia^ge^  thata 
bcjyiipacted  batldiflg  would  wiihstand  a  great,  deal  niofer:  By 
ipiiiikig^ia  my  mind  the  length  .of  the-,  conveisatkm  that  paiied 
IflgJihecantiBuance  of  the  phenomena,  1  am^iacUnadjtQ- think 
tJrai first. estimated  the  time  of  the  duratk>n  of: the  yioltstipai* 
faakrtaoussiOiiy.atmther  more  than  the. truths  Bitfi  bavensi 
tatioaJn  sayihg.that,.  from  tlie.coBaimeocemeot.of,  the jnimUii(^ 
n^ -tiU;  the  d^ors  of  the  room  /eeased  to  vibrato^  ooaaklefaUjr 
sqt;  than  a  minute  must  have  elapsed  y  and  t^  aaore  i(ialent  paifc 
ike  shook  certainly  lasted  not  n^ueh  leas  thau^Ooc  IJ5  adeoms^ 
»f  night  was  clear,  and  the  moon  bright^'  Tlie  iiarQaie9ler,tM4neh: 
[^boiit  2l»-20,  did  not  appear  to  be  aflbctcd^  Fahrenheit  Ahem 
neter.stocd  at  54  degrees*  ,Altliongh  jfcbe  wboJcsammferiihadi 
Ei&.Tery.tvet  andatormy,  the  previous  day,  and  parlicnluly  tha 
aingy^  had  beea  remarkaldy  &s\t  and  still ;  and  ;toysaf cb/  spnUstal 
aky  was  serene,  with,  light  clouds,  stretching  in  hariisiDtalctnea 
lii  :jt ;  and  if  I  rightly  understand.  Mr.  Howard-sciaoahrdolatonh 
floods,  it  might  have  been  perhaps  defined  by  theinetetod^gieat 
miXikrus.  The  shock  was  followed  by  the  same^Uatss  which 
i^eoeded  it.  .  Ilie  following  flnonaiag  wasicahn^  bntjg^omny; 
oa  thidcriiui  came  on^  wfaochcDOtinued  to.faU'indessaotly  far 
iis6IQ hours;  aod^  indeed^  until  whhin  these  few  days^  ve  iiavr 
dly  had  any  thing  like  iair  weatheh  ;  ;  ::  ; 

0-^10:1x^968  of  all  the  neighboundgjhnalsQsihe  same  sensations^ 
m  cfisUriaa.  greater  or  lesser,  dc^gjrai  adanost  all  of  them 

.istailairaraciled^tbebcUsaraifSbMl  «>  thcrMmaaisl 
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beds  shook.  Terror  and  alarm  were  every  where  universal.  One 
gentleman,  who  was  asleep  in  bed  at  the  moment,  having  ben 
suddenly  awakened  by  it,  imagined  he  had  been  seized  in  the  nigk 
widi  p^lsy,  and  was  afraid  to  try  to  move  hand  or  foot  for  some 
time  after  the  shock,  lest  he  should  be  convinced  of  the  roelancboijf 
truth  by  his  inability  to  do  sor  In  most  of  the  cotuges,  also, 
throughout  the  neighbourhood,  it  was  distinctly  sensible,  and  their 
inhabitants  were  awakened,  and  in  many  places  dreadfully  alarmed. 
Although  I  am  inclined  to  think,  from  what  1  have  heard,  that  low 
built  houses  were  not  in  general  so  much  affected  as  loftier  ooe^ 
yet  I  have  been  informed  of  one  instance  in  which  the  family  in  tht 
more  spacious  house  of  a  gentleman  were  perfectiv  unconscious  of 
it,  whilst  the  cottage  of  his  gardener,  standing  witnin  a  few  yards  of 
the  larger  mansion,  was  most  violently  affected.  I  have  al^  hesrd 
€»f  some  cottages  where  the  plates,  &c.  were  absolutely  shaken  ixmt 
from  the  wooden  shelves.  One  fermer  felt  the  shock  very  intenidy 
in  his  cottage ;  whilst  his  son,  who  was  returning  home  on  hone- 
back,  and  within  a  few  paces  of  the  house  at  the  moment,  was  act 
m  the  least  aware  of  it.  This  might  probably  arise  from  th^  motioa 
of  the  horse,  which,  though  he  felt  the  agitation  of  the  eartlujuaki 
himself,  would  not  communicate  any  unusual  feeling  to  his  rider. 
As  a  proof  of  this,  one  gentleman  who  happened  to  be  riding  was 
aurprised  by  his  horse  suddenly  starting  in  great  alarm,  and  found 
much  difEoulty  in  getting  him  to  move  forwards.  This  was  after- 
wards accounted  for  by  his  discovering  that  it  occurred  at  the  venr 
time  pf  the  shock.  The  coachman,  passengers,  and  guard,  of  the 
mail-coach,  which  was  on  the  turnpike  road  to  Forres  at  the  time, 
were  not  in  the  least  conscious  of  any  thing  extraordinary.  I  had  a 
very  distinct  account,  from  a  man  who  chanced  to  be  travelling  oa 
foot  in  the  mountains  near  Loch-an-Dorb,  10  miles  to  the  south  of 
this  house.  He  said  he  was  first  alarmed  by  a  sudden  and  tremen- 
dous noise  of  a  rushing  wind,  which  came  sweeping  up  tlie  hills 
J  ike  a  roar  of  water.  This  was  instantly  followed  by  the  rumbllDg 
sound,  or  rhomlo^  as  the  Italians  emphatically  call  it,  and  the 
ground  was  then  sensibly  heaved  up  and  down  under  his  feet.  The 
morning  after  the  earthquake  I  was  particularly  careful  inexaminio^r 
the  surface  of  the  ground  in  various  places ;  but  I  could  not  discover 
the  least  vestige  of  a  crack ;  not  even  in  such  spots  in  the  garden, 
or  shrubbery,  where  the  surface,  having  been  carefully  raked,  must 
have  at  once  betrayed  the  most  trifling  appearance  of  separation  in 
the  soil. 

In  the  neighbouring  towns  of  Nairn,  Forres,  Findhom,  Elgin, 
Fochabers,  Grantoun,  &c.  the  siiock  produced  similar  sensf|tion» 
and  appearances  to  those  we  experienced  here.  The  bells  rung; 
doors  were  opened ;  and  various  pieces  of  furniture  were  visibly 
shaken  against  the  walls.  The  fire-irons  clashed;  and  glasses  were 
jingled  against  one  another.  Dogs  howled ;  and  poultry  on  the 
roost  manifested  the  greatest  dismay.  Many  small  birds,  such  as 
linnets  and  canaries,  were  thrown  down  into  the  bottom  of  their 
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^Hhs,  and  some  of  ilicm  actually  killed.     A  parcel  of  pea-fowW  1 

|Hfiiigiiig  to  a  family  in  NairasliirP,  were  so  niucli  frightened,  thiA  I 

l^^hey  continued  screaming  tlie  wlwie  night  afterwards.                     -  I 

At  luvemess,  which  was  certainly  the  focus  of  its  action,  tliA  I 

iearthquake  not  only  produced  the  most  violent  effects,  but  alai  I 

created  the  greatest  alarm.     In  the  article  from  that  town  the  can^  I 

yulsion  is  distinctly  stated  to  have  lasted  about  20  seconds,  and  t&  1 

hare  been  really  very  tremendous.     The  hells  in  many  houses  roi^  1 

for  more  than  a  minute,  and  several  of  the  inhabitants  who  had  r^^  ,  I 

tired  to  rest  were  fairly  tossed  out  of  bed.     The  concussion  on  tliS  I 

faotises  was  dreadful ;  and  such  was  the  terror  it  inspired,  that  thvf  I 

were  all  in  one  moment  evacuaied.     Iiifunts  were  torn  from  tin  I 

cradle;  and    hsen,  women,  and    children,  of  alt  ages  and  raoUC  I 

many  of  them  just  as  tliey  had  risen  from  their  beds,  and  almon  I 

naked,  were  seen  rushing  into  the  streets,  which  were  instantM  J 

filled  witli  the  most  doleful  female  shrieks  and  lamentations.  Undet  I 

the  dreadful  apprehension  of  a  second  and  more  violent  shocki  I 

which  might  perhaps  bury  them  under  the  ruins  of  their  houses,  m  I 

motley  and  terrAr-struck  groups  of  inhabitants  crowded  in  varioiif  a 

streams  tlirough  the  different  outlets  leading  towards  the  couniiyl  I 

where  many  of  them  remained  all  night  in  the  fields.  Partly  froia  I 
fear,  and  partly  from  curiosity,  few  1  believe  occupied  their  bomdl  <  ■ 

or  their  beds  until  day-break,  and  many  did  not  return  to  them  till  I 

neit  evening.     By  fortunate  accident,  the  streets  had  been  almost  1 

deserted  on  the  niglit  of  the  earthquake,  and  before  the  shock,  A  I 

tc  unusually  early  hoar ;  and  it  was  equally  lucky  that  the  vjoleneb  I 

of  the  concussion  was  in  a  great  measure  over  before  the  peoplfc  I 

bad  time  to  crowd  into  them  again;  for  so  very  thick  was  Ihb  1 

shower  of  large  stones  which  were  precipitated  from  the  chtmneV  I 

tops,  as  well  as  of  slates  and  tiles,  which  were  shaken  in  greM  I 

numbers  from  the  roofs  of  the  houses,  that,  if  the  streets  had  n<A  1 

been  empty,  many  deaths  and  dreadful  accidents   must   have  oc=  I 

curred.     Tlic  thundering  noise  made  by  the  stones  in  falling  added  1 

to  the  other  horrors  of  the  night;  many  of  lliem  were  projectei  I 

completely  across  to  tlie  opposite  side  of  the  way.     It  is  rather  rs^  I 

niarkable,  that  it  was  chiefly  from  the  newer  houses  that  the  stone!  I 

were  thus  thrown ;  many  of  tlie  older  ones  having  entirely  escaped  1 

this  dilapidation.     It  was  not,  however,  until  the  morning's  ligM  m 

that  the  most  decisive  proof  of  the  violence  of  the  shock  was  Ais^  I 

played.     No  sooner  had  day  dawned  than  the  beautiful  spire  whiclt  ■ 

is  attached  to  the  county  jail  was  observed  to  have  been  rent  througft  I 

at  the  distance  of  several  feet  from  the  top  ;  and  the  part  which  was  I 

above  the  fracture  appeared  twisted  round  several  inches  in  a'direcw  I 

tioD  towards  the  north-west.     This  circumstance  appears  to  he  veni  I 

satisfactorily  accounted  for  by  a  gentleman  at  Inverness,  wlu>  W-*  I 

lAarks,  tliat  "  the  motion  of  the  undulation  towards  thesouth-caXf  I 

being  communicated  to  the  lower  sooner  timn  to  the  higher  parut4  1 
the  building,  tliose  parts  of  the  latter  whose  cohesion  was  not  stif^fl 
<deatl7  strong  \POuld  aaturally  be  left  behind,  and  projected  in  '4fl 


if 4''  Jccmii  nf  ike  Ihte  ^(trlkqi^ake  m  ^coflaHi: 
north-west  direction,"  It  is  not  impossible,  Iiowever,  ilial  electric 
city,  whicli,  if  not  sometimes  the  cause  of  the  seiisiitioo  of  catih-" 
(juakcj  at  least  appears  very  generally  to  accompany  such  conWI-' 
fiions,  might  have  had  some  share  in  producing  iliis  injury.  Not- 
withstanding its  vicinity  to  Inverness,  and  alihough  it  was  ftgiiaied 
during  the  great  earthquake  of  Lislion,  yet  there  is  no  account  rf 
Ixjch  Ness  having  been  affected  on  tlie  late  occasioD.  But  it  is  boi 
unlikely  that  it  may  have  displayed, some  commotion,  though  iioa 
the  lateness  of  the  hour  it  would  necessarily  escape  observaticni. 
Three  gentlemen  who  at  the  time  of  the  earthquake  liappened  lo 
be  approaching  Inverness  from  the  west,  when  at  a  considerable 
ilistance  from  the  town,  distinctly  heard  the  large  bell  toll  twice. 
This  circumstance  was  entirely  unnoticed  by  those  who  were  in  the 
itreels  or  houses  of  the  place;  people  of  every  description  ha*ii^ 
been  too  much  alarmed,  and  too  much  occupied  in  providiogfor 
the  safety  of  themselves  and  their  families,  to  remark  it.  It  appein 
to  have  been  admitted  by  many  gentlemen  of  Inverness,  who  hid 
resided  long  in  foreign  countries,  particularly  in  the  West  Indies 
where  such  convulsions  are  very  frequent,  that  they  had  never  befivc 
felt  so  smart  a  shock. 

From  Tain,  Dingwall,  Dornoch,  Wick,  and  all  the  towns  totlit 
northward  of  this,  there  were  similar  accounts  to  those  givenrf 
Forres,  and  the  other  towns  already  mentioned.  I  had  several  veiy 
interesting  and  intelligent  letters  from  Sutherland,  One  gentlemtn 
describes  the  sensation  he  and  his  party  felt  to  have  been  ji)Sl  asS 
they  bad  beea  all  suddenly  launched  in  a  boat  from  dry  land  to  set. 
At  first  he  supposed,  for  a  moment,  that  one  side  of  his  chair,  snd 
the  wall  agaiaet  which  he  was  leaning,  had  suddenly  giveii  na)'- 
The  hens  made  a  prodigious  noise  on  their  roost ;  and  a  poantcT  di^ 
howled  for  a  considerable  time  afterwards.  On  looking  oat  imint- 
diately  afterwards,  this  gentleman  remarked  that  the  night'  im 
warm,  and  quite  clear,  but  rather  dark ;  the  atmosphere  heavy,  and 
forming  one  cloud,  except  on  the  eastern  and  south-east  horizoD) 
where  it  had  the  appearance  generally  observable  before  s«n-rfct 
Another  gentleman,  who  was  on  the  road  near  Brora,  in  ia  gig, 
writes  me  tiiat  he  was  not  in  the  least  sensible  of  any  thing,  and 
was  quite  ignorant  of  the  sliock,  until  he  heard  of  it  on  reaching 
home,  where  he  fouiid  his  family  had  been  alarmed.  A  Ud  vrlw 
was  standing  on  a  lock  in  the  middle  of  tlic  countiy,  at  the  time  of 
the  convulsion,  declared  that  it  moved  up  and  down  under  him.liEt 
a  quaking  bog. 

At  Aberdeen,  Montrose,  Dunkeld,  Perth,  Pitmain,  and  theotlrft 
places  intervening  between  this  and  the  river  Tay,  the  ieatthquilfe 
seems  to  liave  been  generally  felt,  wiili  equal  violence,  tiMiS 
allowance  for  variety  of  situation.  At  Aberdeen,  apersoti  whbfiw 
been  present  during  the  earthquake  in  Lisbon  on  June  6,  \f^ 
described  the  laie  shock  as  ctactly  rescmb!it\g  the  comtnei 


o£  ^t.    In. Biany  houses  the  bells  were  set  an'i^ir^  aot!  die'v^Stt 
AJUlltiiiued  to  vibrate  foi  sotnt^  ^tac  &\W:'C'^^\'C  %<G«i.^ik  ^HAr^lialSt. 


The   lioiiscs  were  ^hakeQ  to  thcii  foundations,  and  the   heaviest 
ftfticks  af  furniture  were  moved.     A  second,  but  more 
pWtial-shook,  was  feit  about  half  an  hour  after  the  first ;  and  thSjJ 


:  slight  anf 


■vfos  also  remarked   by  soniu  individuals  in  almost  every  qnartei 
^jbere  ibe  chief  one  had  been  experienced.     At  Parkhill,  the  se« 
of  General  Gordon,  near  Aberdeen,  a  circumstance  occurred  wWcti 
d^rves  particular  attention.    Tiie  sluice-gate  of  a  piece  of  nater. 
'^^euEhiag.  several  tons,  was  raised  from  its  foundation   about  1"Z  j 
ii^e^;  and  some  large  stones  having  accidentally  rolled  underneato' 
i^  fci^pt  It  up  in  that  situation  till  most  of  the  witters  escaped  befofjt  i 
itioowld  be  replaced.     Several  instruments  have  been  from  time  f&  ] 
tune  proppsed  for  measuriog  (he  degree  of  force  of  the  shot^  of  J 
earthquaKes;  but  here  was  one  perfectly  fortuitous,  which,  though  ' 
p^haps  It  did  not  mark  the  utmost  extent  of  its  energy,  proved 
uat  Oie  power  of  the  late  one  had  been  at  least  equal  to  an  eleva.J 
tum  of  12  inches.     In  the  neighbourhood  of  Montrose   a  vervr 
amusing  occurrence  happened.    Two  exHsemen  having  lain  dowQ.    , 
m  concealment,  on  the  ground,  to  watch  for  an  expected  parly  ^ 
lipugglers,  when  the  siiock  took  pkce,  one  of  them  started  up,  ex^    . 
daiming  to  his  comrade,  '*  There  they  are !  for  1  feel  the  grouoei 
striking  under  their  horses  feet."     In   the  town  of  Montrose,  the   [ 
inhabitants  felt  their  beds  move,  first  in  a  horizontal  direction,  and  « 
then  return  to  their  former  situation  ;  after  which  a  tremulous  mdi   ] 
iip|i  was  felt,  as  when  a  body,  after  being  agitated,  settle>  gi-adualli   i 
^ipan,  its  basjs.     Some  compared  it  to  the  slight  rolling  of  a  ship  a 
1^9,'   .The  bells  iu  houses  were  rung,  and  the  furuiture  shaken,  H 
ia  other  places,  aud  the  greatest  alarm  prevailed.     A  vivid  flash  a 
lightning  was  olieerved  to  follow  after  the  shock.  y"  _ 

.  The  article  from  Perth  speaks  of  two  distinct  shocks,  the  second 
occurring  at  an  interval  of  a  minute  after  the  first.  In  other  respeen 
ttfip  effects  there  appear  to  have  been  similar  to,  and  nearly  i^ 
|>^erfiil  as,  tlwse  at  Alierdeen  and  Montrose.  At  Dunkeld,  i 
^,1111^  roan,  who  was  stepping  into  bed  at  the  moment  of  the  shoctd 
Vf^xi^fly  thrown  down  on  the  llocjr ;  and  in  one  house  the  liqu(» 
lathe  glasses  was  nearly  jpilt  by  the  concussion.  A  small  meteor 
yias  seen  to  pass  from  cast  to  west  just  about  the  time  of  the  earth* 

^""•^-  ,  . .  I 

A  gentleman,  who  has  been  for  some  time  on  a  visit  to  tha 
nei^hhourhood,  who  has  resided  long  in  Italy,  and  who  tells  of  httlt^ 
lelf  that  he  has  always  had  a  kind  of  luck  for  meeting  with  eartl^^ 
quakes,  asserts  that,  whilst  sitting  at  breakfast,  about   three  dara 
before  the  late  shock  occurred,  he  distinctly  felt  a  slight  concussionj- 
wbich,  from  the  recollection  of  what  he  had  experienced  abroad,    ' 
gave  him  very  considerable  alarm,  but  which  he  did  not  wish  A   ' 
Gommimicatc  to  his  friends  at  the  time.     This  gentleman  was  al$i 
pu'lectly  sensible  of  the  second  and  slighter  shock,  which  followeft 
W  Aug.  13,  at  an  interval  of  half  an  hour  after  the  more  decidedn 
j^oleot  convulsion.     la  this  family,  too,  we  all  of  us  felt  this  seco^tt    , 
soncussion.     But  although  we  noticed  it  to  each  other  at  the  .fim'dld 
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al^MutpNiledk  idiM  MfeiM  «qeejtfcip  IfcuiM— l*—i<lf  it 
iiMk,>tHtich MiU moMioid  vdkfai»|  it-miriir/aHiiiliiiwiih 
itfuak^lM  feeb  Jthe  motiDn  of  tiie*ftMi'?ofiitbiJie«;Air»9oaA 
, irfitV'iit  )m  landai  ftom  a  Atfk  There  >cuiiiat  hpiiqfiAnih^rliojt. 
eter^  of  tbe  reality  of  this  second  movemeDt  of  the  eiirtbi  iidM| 
.boob  -  ootieed  by  soim  individual  or  othcr^ .  aad  st  tiHt  umiatiiMtthA 
qt  timei*  ia  almost  every  quafler  where  ilieiDofe  iatCMg  ahasB  wi 
aaBMrimeed.  n;  >  s.^  ..  ru<^b  i^esin. 

.  TlMviis  oM  fsct ^wllieii I  oonottve  to  be  'JO'ipeeriyrifiiilrilfa 
thitX'^lMit'aHoirittoeioapejKitiee^  hwring  J— t  ^oniy^ftawby 
aensihle  ^  it  in  my  *  ovm  penoo,  bnt  havsog,ataiilobnusi^£iy9Jto 
fiiifyfOf.oihers^  ib»t  the  feeling  wn  by  a»  nwaangtuel" 
iptmifodipratty  generally  byi  a  nanber  of  indtridbaU 
#fttrli{|ie<m)eli  of  4he  esnhaodke  comnKniedt  I>Mt 
be^a-hiod  of  Aiottsbnessy  ^hioh  did  not-  altefilboel 
^br  ilwai'.aiiM{i^  ia  btd|  aboat  tsio  hoHtt  aftfrwarfwiii  HA 
lw«  m*^iieetly  dffiereatAoaB  that  gegwwUyattitndiif^gilia 
Jkoidim^  iaipedieteJangen  <  ^deed^  no  ^mk  ^ 
•iMJ^iMasnt  with  mei  for  laoaocMieft'hiiewriktioi 
4|a4wtt«aAllaeiiiaof  dfe9dw»  ahtblbedioJkh^delighlifcikte^ 
hrtoj^iio  vi»^y«lttdiyaB>to  haveuaiy  eiiiosity  safi^  " 
iH'tWiJiwaMO  of'^<^  fane  a  faMDOmenoo^.tbeexi^Btttaf  ill 
nmrnm.  at<lhe.niameot,  might  psrhapabraoDfinnite 
^UmMMooodmr.  I  bawfenowit  ievtial penanii  nniiiiinf  Mi 
<^  Mbg-iaflnenoed  by  fear  of  aof  Idnd^  who  ihava  inmMfce^b 
ifanilkr^MisatlMi  in  IheiHselves  dnrhig  the  tioBe  of  a  thaicMitoMa 
XbiSfJUaiish  feeliog^^on  the  late  occasion^  was  in  somoipeisideifr' 
tended  by  a  very  slight  degree  of  sickness.  ;>  .-:>•<.'  :*'  ^ 

.  i^Bshaps'  it  anight  not  «have  b^n  altogether  wkhoot  it^  uartOihife 
giveil' ID'this  pkced  slight  and  geneiial  geohq(ical  skebdi Jof f^ 
varioas  rocks  compOBio^itbr  different  parts  of  the  csstendve^W^B 
of  <eoaiilry  tfarougbaitt  which  the  late  earthquake  .aas  oapiiieneHl 
in  4hegvtetest  intensity.  But  if  leould.even  venture  to. daawBUxe 
l^gNy-oo  yonr  paiieocr,  in  order  to*  make  aoch  .aa  ^atsenfepi^rdids 
apt  feel  isnffieiently- cbnfideot  in  possesring  ability  or  iaAknakn 
enoogh  t6  enaMe  me  to  do  jostids  to  the  snb^eet;  '  I:  auiy  oriv  tm^ 
mnik,  that  every  geognostic  deDominatioo  of  country  seems  tonne 
sulinaittedv  to  tbe  laAuenoe  of  the  >agitating  poweac  that  Mkf 
poiitioiis^4bav6  in  general  been  mueb  slniken^  andiia  Aime  iosteocs 
(as  -  in^  tii4t  of j  this>  very .  hbuse)  mere  so  tfaab^  tfaoae  lesa  datidBdlyiei 
thjit'dbnradter^  •  We  hiwe  hardly  any 4)ata  tocnable  unto aay.whe^' 
tlier^the  ( primitive «i*  the  floetBTocka  yielded  most  eanly.  to^fihn 
vibMUofy 'motion.  But  the<aUnvial  Mte'of  tbejCowwDfr:]«irerb«s^' 
under  which  I  believe  there  is  also  :a  'gredt-  Aal  of  ^peat  mos^jii  biiuii 
clearly  and  deeidediy  te»  have  roaaifestad  byifib^tho  amtfviolentap* 
peaninces  of  .convulsioD ;  which,  H  my  information'  be  correct^  was 
even  by  no  means  so  great  on  the  eminencca  in  the  immediate 
neighbourhood.  As  we  \^avel>\>)&i^TnQi^'^c^mv5&eat  emanmlndr 
tbe  powet  of  the  eartViquakje,  ^w^i^^\xv^^nbi&fi9s«^^ie^^ 
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we  have  reason  to  decide,  from  the  body  of  the  evidence^  that 
«]mo6t  all  alluvial  positions  were  in  general  more  violently  convulsed 
than  the  more  stable  formations  in  their  close  vicinity ;  although  at 
the  same  time  we  find  several  anomalies  militating  against  such  a 
joonclusion. 

:  Upon  the  cause  of  earthquakes^  to  find  a  perfect  solution  of  which 
lias  been  a  matter  of  difficulty  to  philosophers  of  all  ages  and  coun<- 
triesy  I  do  not  dare  to  throw  out  any  new  speculation,  i  Am>  bow- 
Mr^  cather  inclined  to  adopt  that  explanation  which  assign^  it  to 
the  raiefiusUon^  and  conversion  into  steam,  of  large  bodies  of  water, 
at  considerable  depths  beneath  the  earth's  surface.  It  is  a  g^Mf^l 
moifAf  in  all  countries  where  earthquakes  are  common,  that  ihey 
iitt^ireceded  by  the  fall  of  copious  rains.  Such,  for  example5  was. 
iktsaae  with  that  of  Lisbon,  as  well  as  with  those  of  Calabria,  lo 
jttw!  domestic  instance  in  question,  too,  we  liave  had  the  same  pre^ 
cimor  in  sufficient  abundance;  such  a  rainy  summer  as  the^ptfft 
liaviog  been  hardly  remembered  by  any  one.  The  rain  wafer^  gta^ 
dually  percolating  into  the  bowels  of  the  earth,  may  be  cofivantd 
into  steam,  by  a  combustion,  to  which  a  variety  of  causes  may  give 
«xeitement.  Amongst  these^  the  moistening  of  large  beds  of 
pjrites  may  perhaps  be  offered  as  one  of  the  most  simple  explana^ 
tioiUL  Our  late*  earthquake,  however,  may  have  not  improbably 
iHid  some  remote  connection  with  a  subterranean  volcanic  }cifltiedc<e'; 
and  an  account  which  appeared  from  Naples,  informing  us  that^  on 
Aug;.  7  bst^  Vesuvius  was  again  in  action,  renders  this  last  idea  the 
less  unlikely.  Although,  perhaps,  not  caused  by  electricity,  it  is 
very  evident  that  this  subtle  agent  was  not  entirely  absent  on  th^ 
late  occasion,  as  may  be  not  only  considered  apparent  from  some  of 
die  efifeots  produced,  but  is  also  proved  by  the  flash  of  Ughftning 
acen  toaccompany  the  other  phenomena  at  Montrose.  The  electn'tt 
thcoiy  of  earthquakes  has  been  supported  by  Dr.  Stukely,  in  his 
jmpen  in  vol.  xlvi.  of  the  Philosophical  Tmnsactions;  and  the  Che- 
valier Vivenzio  supposes  the  same  cause  to  have  operated  in  pro- 
ducing those  of  Calabria  in  17B3.  But  I  cannot  conceive  electrici^ 
to.  have  been  the  primary  agent  in  producing  the  shock  of  Ang.  1«T 
last ;  otherwise  it  must  have  certainly  left  more  unequivocal  (Sleetif' 
befaiod  it.  Having,  however,  endeavoured  in  this  paper  to  bring 
hefare  your  readers  most  of  the  facts  and  appearances  connected 
with  the  late  earthquake,  an  opportunity  may  perhaps  be  afforded  M 
you  or  to  them,  either  to  strengthen  one  or  other  of  the  old  theories; 
or  to  oiSfer  some  new  and  still  more  rational  «^planatiort  of  a  pheno^^ 
imtnan  which  cannot  fail  highly  to  interest  the  enlightened  and  re- 
flcating  mind,  as  well  as  to  impress-  it  with  the  aiost  profound  admt-^ 
mtsonof  the  power  of  the  Deity. 

I  remain,  Sir,  your  obedient  humble  servant, 

>.:.  Thomas  Lavbe%  Dfca.  ■' 

^  J :...        '.  .  .  ■      .  .■  .■  ;.  ■■..'•.■ 
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•Otfi  1'  .!.    .  ''^Pf^ceedmgs  of  Pkiiosophical  Societies. 
~"^'  ■        XOTAl,'  <iEOLOGICAt.  SOCIETT  OT  COHSWALL. 

SitiCB  the  last  annual  report,  tlie  Society  has  devoted  iis  labouB 
to  objects  of  intriusic  and  permanent  uilHiy,  and  tbcir  Micce^  ofiers 
tne  test  eulogiuoi  upgn  the  enterprise  and  ahility  with  which  ihej. 
have  been  conducted. 

The  Council  bas  set'n  with  great  satisfaction  the  cansider^lt 
prbpess  which  has  been  made  in  tlie  construction  of  a  Geolo^cal 
Map  of  the  county.  Tlie  interesting  hundreds  of  Penwith  aa^^ 
Kirrier  are  already  finished.  The  rocks  which  constitute  their  suir 
fece  are  distinguished  by  appropriate  colours ;  and  their  successt^B^, 
lelative  i>ositioiis,  and  vauous  junctions  and  transitions  into  each 
other,  are  traced  and  delineated  with  an  accuracy  and  detail  whi<^h 
cannot  fail  to  render  tlie  map  a  most  acceptable  present  from  g«A)g)f 
to  agriculture  and  the  arts.  To  agriculture,  as  it  shows  the  ipte- 
testing  connection  between  the  various  soils,  and  tlie  subjaceitt 
racks  from  whose  decomposition  they  liave  been  derived,  and  more 
particutsrly  as  it  explains  the  local  circumstances  which  are  ^iendly 
<v  hostile  to  their  improvement,  and  at  the  same  lime  directs  t)^ 
agriculturist  to  the  different  mineral  substances  which  are  assoclauj 
together  in  their  vicinity,  and  which  may  contain  materials  higblf 
useful  in  correcting  their  natural  sterility.  To  the  arts  it  will  pnt'^G 
an  acquisition  of  no  less  value,  hy  showing  tlie  products  peeuIUrta 
particular  districts,  and  by  leading  to  (he  discovery  of  those  vhuJl 
a/e  the  more  immediate  objects  of  economical  industry.  The  pop- 
pleiion  of  this  great  desidtralum  may  be  conlidejitly  aniicipfit^ 
before  tlie  next  annual  meeting;  but  the  Council  begs  to  reioiM 
t!ie  Society  that  it  will  require  the  social  and  united  esertiotis  of  itt 
members;  and  they  rely  with  confidence  upon  the  co-aperalio^.ct 
Oiose  get)ilemen  who  are  more  remotely  resident;  for  although 
some  of  the  characteristic  features  of  the  eastern  parts  of  the  coopij^ 
have  been  gleaned  during  casual  journeys,  yet  to  trace  ihe  e^^cl 
Unes  of  junction  through  tracts  of  cultivation  requires  carefu],w| 
repeated  observation,  occasionally  facilitated  by  theremoval  of  fJ^i|:, 
vial  matter,  which  too  frequently  throws  its  veil  over  the  very  spoU 
which  it  is  most  essential  to  examine. 

The  geological  department  of  our  museum  has  been  enriched  bj 
a  valuable  acce»aon  of  illustrative  specimens  which  have  filled  up 
the  several  chasms  in  the  scries,  and  rendered  it  susceptible  of  a 
wore  perfect  arrangement,  which  lias  been  effected  according  to  tbe 
general  order  of  superposition  which  the  diBerent  rock  formatioai 
o^erve  in  nature.  The  Council  is  well  aware  of  the  many  oljjee- 
ikqts  to  such  an  arrangement ;  but  it  bas  been  deemed  prefeBri)lt» 
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that  wliich  throws  the  specimens  into  insulated  divisions  aecording 
to  the  different  districts  Irom  which  tbey  were  derived,  as  being  less 
likely  to  destroy  the  unity  of  the  collection,  upon  wlitch  its  value  as 
a  point  of  reference  depends.  Tiie  latter  arraogemeiit  is  also  ren- 
dered tba  less  ueeessary,  as  the  geological  map  records  ihe  habitat 
of  every  specimen  by  a  correepouding  number,  and  furniihes  a  key 
b^  which  the  products  of  any  parlioular  district  may  be  as  easilj  I 
telected  as  if  they  were  deposited  in  regular  succession. 

A  desciipiive  catalogne  is  in  preparation,  Interspersed  with  sucK*  J 
remarks  as  may  be  requisite  for  the  purposes  of  elucidation,  and  (C  \ 
directing  ihe  student  to  a  profitable  examination  of  the  specimens! 

During  the  year  several  original  communications  have  been  re- 
ceived ;  but  as  they  will  shortly  appear  in  a  volume  of  Transactioi^  I 
before  a  public  tribunal,  the  Council  declines  passing  any  opioiol^ 
upon  their  merits. 

Having  concluded  the  notice  of  the  progress  which  the  Societj 
has  made  in  the  scientific  and  useful  pursuits,  the  Council  feels  thiV 
it  Tias  another  important  duty  to  perform — to  recal  the  attention  dP  j 
ibie  Society  to  the  melancholy  accidents  which  stilt  occasionalS*. .] 
luipren  from  the  use  of  the  iron  tamping  bars,  and  to  remind  then    ] 
o<  the  simple  and  unobjectionable  method  devised  liar  preveniin^ 
tlietn.    The  testimony  of  Mr.  Chenliatls,  who  has  the  superintenai' 
atactof  many  considerable  mines,  appears  so  satisfactory,  that  it  tf 
diieined  a  duty  to  give  to  it  every  possible  publicity,  especially  df,  I 
fib^e'  of  the  eastern  mines  still  maintain  an  unjust  prejudice  againilf  ] 
tm'use  of  the  safety  bar.     The  Council  has  heard  witfi  regret  ihilti*  I 
Within  Ihe  last  month,  four  fetal  accidents  have  occurred  at  tlw  | 
tltiited  Mines,  as  well  as  several  others  in  tiiat  district,  A  prdudiciP 
so  blind  and  fatal  calls  for  the  powerful  and  steady  intervention  d^  J 
this  enlightened  Society ;  a  prejudice  which  has  been  proved  to  owi?  ] 
its  origin  solely  to  error,  and  its  continuance  to  the  apathy  of  tht^  I 
whose  duty  it  is  to  correct  it.     If  the  chief  boast  and  ornament  dT   j 
^dien'ce  is  its  power  of  increasing  the  comforte,  and  of  diminishinr  I 
Afe't*ib  of  life,  surely  to  avert  the  perils  with  which   those  wMT  I 
tibbor  for  our  benefit  are  beset,  to  rescue  the  fathers  and  suppoiiera   1 
^'families  from  death,  or  injuries  worse  tlian  death,  is  an  occupii^  , 
I^CAi  which  must  cast  a  lustre  on  a  Society  professing  to  cultivaieir  I 
Science  pre-eniintiitly  capable  of  applications  to  the  useful  purposa   ' 
of  mankind. 

^.  ,  Mt.  CkenhalVs  Letter. 

^^f>  etrfgaiteaee  "with  your  d^'re,  I  most  readily  send  youan  >((>•' 
AHint'irf  ttie  success  of  the  new  alloyed  tamping  bar.  You  alreadjf 
know  that  the  one  whlc!i  Sir  Rose  Price  first  proposed  was  whollj 
composed  of  the  alloy,  which  made  it  an  expensive  instrument; 
',  after  scwral  trials,  was  found  loo  scftt  to  W.^t\6  XW  -wwV^  Wi  , 
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-bent'anJ  enlarged,  nt  the  eodi  After  repeated  experlxhenta,  is 
.V.h't-'b  SirK*:'**  I'tiM  aiut  roKself  look  so  active  a  jwri,  the  pi'opti 
^FpportioQs  of  ti»  aud  copper  Imve  been  hit  ujran  ;  a  cup  compwed 
of  which  is  auldered  upon  the  buttom  oE  the  common  Iron  bar.  Hint 
<;oD^tcu(ited,  it  is  (juite  free  from  every  objecijoD ;  and  has  niw  rot 
12  months  piisi  heen  cooaUntly  used  by  400  mioei's,  (o  my  koon- 
Jedge,  williout  bd  uccident  of  any  description  having  happened, 
which  is  very  gratifying  to  as  all  j  for  before  the  Gtologit-al  Society 
^^mnaeJided  t]ie  trial  of  the  safety  bar,  scarcely  a  month  elapsed 
jHilhout  some  dreadful  e&plosion  aendiog  the  miner  lo  an  untimelj 
sravci  or  so  injuring  him  by  blowing  out  hla  eyes,  or  ahutleriDghii 
\itri\»,,aa  to  h'nder  him  a  miseralile  ok^ectof  eharity  for  the  rest  of 
^(sdays.  So  that  now  aur  most  ex|>i?rieilced  miners  are  as  dtttek 
filtMlied  to  the  Dew  bar  as  tlitiy  ,were  formerly  pi^jiidiced  againitit 
upon  the  ground  of  oovclty ;  and  1  do  not  believe,  after  the  en* 
^c«  whjich  thcy  havelnd  of  its  safety,  that  any  thin^  would  in- 
dlUMjWwn  to  return  to  Uie  use  of  the  old  or  common  bar.  Tb« 
Vb^iwilOP  bar  cost  about  1 1.  \d.,  aud  tlie  safety  bar  will  cost  nbcmt 
jj;^Wbi  fthich  will  last  a  man  in.  constant  use  for  13  months,  or 
|M)!|iJlMt0  (when  done]  can  be  recapped  again  foe  a  few  pence.  Tbt 
SIM^iug  list  of  Bcddenta  which  you  have  collected  and  presented  \o 
ifea  3.Qcie'yiandthenumberof  wounded  men,  widows,  and  orphans, 
{vhich  tire  every  .year  thiown  upon  the  diHerent  paiishea  fof  relief, 
ye  mfficieut  to  prove  the  dreadful  extent  of  the  evil  to  wiiich  the 
(^  of  the  iron  bar  exposes  us ;  and  if  tlie  Geolcgical  Society  which 
you  formed  had  never  produced  any  other  good  than  the  distribution 
c^-tliis  safety  bar  through  the  miuea  of  Cornwall,,  you  would  bare 
bad  the  satisfaction  to  know  that  it  had  not  existed  in  vaib.  ,  ^ 

I  am,  Sir,  &c.  '• 

ToJohnAyrton  Peril,  M.D.  fie.  W.  CHBHfluii.' 

Nrnnher  o/"  Memlers  at  the  last  and  on  the  present  Anniversar^f^ 
IjRst  anniversary,  Ut ;  withdrawn  and  dead,  8  j  elected  tiffi  ye^, 
20;  total,    153. 

The  Treasurer  reports  ihat  the  accessary  evpease  attemUug  the 
eolleciron  of  specimens,  and  the  fbrmation  of  nif  GeoIOpt^'Mi^, 
Induces  b!m  to  hope  that  the  Members  will  not  relai  ya  mnpoifffig 
(he  I'csources  for  continuing  them. 

The  following  papers  have  been  read  thisyear:—  ■  ■  '  -* 
'  1.  On  the  Geological  Structure  of  Cornwall,  with  a  Vieit  M 
trace  itt  Influence  upon,  and  Connection  with,  theFertSity'^W 
Sofia,  Mcompanied  with  a  Series  of  illustratire  SpedmMl'  'A|r 

John  Ayrton  Paris,  M.D.  F.L.S.  Ac.  '-'' 

-' 3,  HiitDTical  Account  of  Copper  and  Copper  MkM*.  BjfilBlil^ 
€«me,  E»q.-  \  ..■wiv" 

,   3.  On  a  new  Arrangement  of  Ibc  OUtets.of  GeofcAT,  ''.  Bti'Mtfi 


t8I£.]  '   Byyal  InsHiui^\of  France,  8M 

^-  4.  OoElvan  Comnses,  accompaiaied  wi(ha^S^ri^$i>f  SpecjmtLns. 
Ipy  Joseph  Carne,  Eaq» 

^  6.  Observations  oo  a  remarkable  Change  .^vliich  Tin  undergeei^ 
imder  peculiar  Cirrumstaiices,  and  on:  its  partial  ConversioDioto  < 
liluriate  of  Tin,    By  the  Rev.  Woo.  Gregor.    . 

6.  An  Accountof  the  Produce  of' the  Copper  Mines  in  Cornwall^ 
ip  Or«,  Copper,  and  Money,  for  the  Year  eading  June  30^  ISiQ. 
By  Joseph  Came,  Esq. 

i  7-  ^A  Account  of  tbeQuanthy  of  Tin  produced  in  Cornwall  in 
i^e  Year  ending  with  iMidsumoidr  ;Quarter,  1816.  By  Joscpb 
(Wne,  Esq. 

8.  On  the  existing  Evidences  of  A  Catastrophe  having  at  a 
tnote  Period  formed  tfad  Monpts  Bay.    By  Henry  Boase,  Esq, 
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Account  of  the  Labours  of  the  Class  of  Mathematical  and  Physical 
'.  Sciences  of  the  Royal  Institute  ofRvnoe  during  the  Year  1815, 

■  ■  ■  ■  ■  .     • 

Mathematical  Part. — By  Mp  le  Chevali^  JJelambre,  Perpetu^ 

Secretary,  :     /. 

MEMOIRS  APPROVED   BY  THE   CLA^S* 

ANALYSliS.  >      • 

{Continued  froni  p.  304.) 

A  Memoir  on  the  Motions  of  Fluids,  in  Capillary  Tubes.  By  M, 
Ginurd.  Commissioners,  MM.  Iiefevre*Gioeau,  Poisson^  and 
Pi-ony,  Reporter. 

This  memoir  is  divided  into  four  part^^  the  three-  £rst  of  ^ich 
constitute  the  special  object  of  the  report  of  the  commissioners. 
They  offer  a  systematic  view  of  the  new  experiments,,  the  sio^ple 
exposition  of  which  is  sufficient  to  show  the  utility.  .  i 

To  determine  the  conditions  of  the  nuiform  motion  of  QMidSy  in 
the  state  of  our  actual  knowledgCi  nothing  was  wanting  hut  to 
assign  the  expression  of  (he  retarding  forces,  which,  in  this  motion, 
counterbalance  the  acceleration  produced  by  gravity..  Oo  account 
of  the  canal  of  Yvette,  M.  de  Chezy  gave  a  formula  in  1775»  by 
means  of  which  we  can  establish  more  exactly  than,  was  forjwfrly 
possible  the  relations  subsisting  between  the  slope  of  tlte  aquednct, 
the  dimensions  of  the  transverse  section,  and  the  volume  of  water 
which  it  ought  to  convey.  He  found  that  the  resistance  is  propor- 
tional to  the  surface  of  canal ;  he  supposed  that  it  increased  a^.tht 
square  of  the  velocity  of  the  water.  His  formula  was  composed  of 
two  terms,  the  second  of  which  was  tlie  square  of  the  velocity  ^hi^b 
muljtiplied  a  constant  coefficient,  which  he  determined  by  jexperi- 
meBt.  I'his  formula  was  sufficiently  exact  for  practice*  It.afQlied 
tpopen  canals.  ,.    .. 


i  knMHH 
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MM.  DubuBt,  (I'Obeabeim,  and  llenezech,  mUitBry  cdj 
endekvotired   hy   Dfw  experinienis  to  fintl  b  morr  exact  fi| 
But  a  togRfithmic  function,  introduced  by  a  kind  of  bazard,  _ 
it  sn  air  of  empiricisni  which  ought  iiaiurnily  to  lead  nukihemati- 
cians  to  new  resesrclies. 

Coulomb  ))ad  given  a  coefficient  comnion  to  two  lerim  of  hb  fer- 
inula,  one  of  which  depends  upon  the  velocity,  and  the  other  is  pw- 
porlional  to  the  square.  There  results  from  it  a  very  simple  expreiann 
of  uniform  motion,  which  accords  with  experiment  almost  tu  exaeilj 
at  the  formula  of  Oubuai.  It  lias  the  adranti^e  likewise  lodepaoil 
upon  considerations  intimately  connected  with  sound  plitloM^ilif, 
tt»  well  aa  with  the  maihemBtiual  theory  of  fluids. 

M.  Girard  )tas observed  that  this  supposition  of  identity  beltneit 
(he  coefficients,  which  may  hold  with  certain  fluids  in  particuhr 
circuQQstuiccs,  is  not  generally  admissible;  and  he  suppofts  hir 
conclusion  by  the  Researches  of  Prony,  published  in  lti04,  and 
from  which  it  results  that  io  fact  tliese  coetBcients  ought  to  be 
different. 

M.  de  Prony,  from  a  combination  of  a  great  number  of  csperi-- 
ments  given  in  his  work,  has  deduced  the  value  of  tbc  two  coeffi- 
cients ;  and  consequently  a  formula  of  the  uniform  motion  of  water 
in  pipes,  and  in  open  canals,  suiBcient  to  resolve  with  all  the  accu- 
racy requisite  in  practice  the  fundameulal  questions  of  hydraulics. 

But  this  formula  only  gives  the  mean  velocity,  which  is  greater 
than  the  stratum  of  fluid  contiguous  to  the  surface  of  the  pipe  ^a 
velocity  which  ought  alone  to  enter  into  the  expression  of  the  retard' 
ing  force.  Hence  it  follows  that  the  coeflicienis  deduced  frstn 
experiments  hitherto  published,  have  a  smaller  value  thaotsiiRtJ' 
able  to  the  phenomena  of  motion  (hat  takes  place  at  the  sttr&U  (f : 
the  pipe. 

M.  Girard  endeavours,  in  the  first  place,  to  dctemiine  thi>  v^ 
city.  And  in  order  to  obtain  it,  be  observes  that  the  velocity  of  At 
centre  of  the  water  in  a  pipe  differs  the  less  from  the  lateral  modon, 
the  smaller  the  diameter  of  the  pipe  is.  He  remarks,  besides^  Ibat 
the  theory  of  tlie  line  or  motion  of  fluids,  the  formulas  of  irhicfa 
were  first  given  by  Kuler  in  177^,  being  applicable  to  the  ^Mcial' 
case  of  motion  in  very  small  tubes,  the  observations  made  oamfin 
tubes  ought  to  correspond  so  much  the  better  with  the  theondc 
formulas.  ^  i    i 

These  considerations  led  to  the  hope  that  new  esperimeotS'  madfc"  I 
with  very  small  tubes  would  serve  to  determine  the  two  coefficiel(ti,'t 
this  hope  was    not  realised;  but  the  experiments  to  which  it  gsre     ] 
rise  present,  nevertheless,  a  collection   of  important  facts.    Tike    1 
tubes  required  to  be  accurately  calilired,  and  it  was  necessary  tbu 
the  lengths  could  be  altered  at  pleasure.     M.  Girard  got  twosdiuf 
copper  tubes  made,  which  were  drawn  through  maudrib  for 
steel  wire. 

The  £r«t  aetics  is  com^Mc^  ot  \u\)«%  of  1-^G  nultimetres  in 
meter  (0-llfl5  inch).    Eac\\  wW  i!.\»>i\.    --    ^--"  -" 


timetres  iiiaJiK  ^ 
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incbes)  in  length,  lias  a  brass  cap  at  its  end, one  of  which  termiiiues 
in  a  male,  the  other  in  a  femnle  screw,  so  that  they  may  be  fitti^ 
K^ther,  to  OS  to  tbrni  a  tube  of  any  length  frooi  Id  to  202  oeilti^ 


The  sc^^ond  series  is  composed  of  tubes  of  1'8S  millimetres  (O-Ojrs 
inch)   constructed  like  the  tim,    so  as  lo  be  screvred  into  each 

b«r. 

These  tubes  may  be  placed  horizontally  in  a  cylinder  of  tin  platK 
«f  as  wniimctres  in  diumeter,  and  live  decimetres  in  lieight.  Thh' 
finder  is  intended  to  serve  as  n  reservoir.  Externally  it  has  « 
Wrtical  copper  rule  pierced  with  small  holes  at  the  distance  of  fivft 
centimetres  from  each  other,  and  having  rhe  threads  of  a  female 
•Blew  cut  in  them  in  order  to  receive  the  ends  of  the  tubes.  While 
thewater  of  this  reservoir  fbwJ  out  through  the  tube  under  cxperi-' 
jaem,  it  receives  tresh  water  by  means  of  a  stop  cock  in  A  leaden 
dineru  standing  above  the  whole  apparatos. 

The  uniformity  of  tlie  flow  being'  tikus  secured,  the  pniducs  ^^■ 
received  in  a  graduated  copper  vessel,  placed  horizontally,  and  it  i^ 
Kento  be  quite  fiilled  when  the  water -which  it  contains  moisteDsthe 
whole  of  a  plate  of  glass  which  covers  almost  the  whole  of  itn 
stnikce.  Finally,  the  time  necessary  to  S^ll  the  vessel,  according  W* 
tlie  diUcrent  lengths  of  the  tube,  is  measured  by  means  of  &  pendu^* 
lum  swinging  seconds.  '  ^ 

■Care  is  taken  at  eacli  observation  to  note  the  lempentture  of  the 
Water.  The  influence  of  this  temperature  6n  the  phenomena 
renilecB  this  precaution  indispensable. 

'j'he  experiments  of  M.  Girard  arc  more  ttiftn  1,300  in  number, 
they  were  begun  in  the  month  of  December  t til 3,  and  continued' 
till  May  1HI3.  I 

The  velocity  of  the  water  being  known  by  experiment,  two  ob- ' 
sertations  would  be  sufficient  to  determiue  the  two  codGcients.  Biit  ' 
to  diminish  tlie  small  errors,  we  may  combine  atltlw  obserratiuns, 
sons  to  obtain  with  advantage  the  two  equ^ions  really  necessSry. 

M.  Girard  lias  arranged  all  his  results  in  34  tables,  according  to' 
the  difTerent  circumstances  of  the  experiment.  These  tablessnow 
the  effect  of  the  temperature  on  the  velocity  of  tlie  flow  ;*  a  new 
ptioperty  which  essentially  cliaracterises  the  linear  motion  of  fluids. 
.Id  this  place  the  Commissioners  state  ten  different  phenomena, 
of  which  we  shall  only  notice  the  last,  it  is  that  the  temperature 
wifieh  acts  so  great  a  pari  in  the  uniform  flow  of  lit^ids  throoffh 
capiUary  tubes  tmrdly  produces  a  sensible  tVkcl  in  pipes  of  the  oidi> 

'U^appears  from  the  data  of  these  observktioos  that  the  motion  of ' 
flaids  (B  capillary  tubes  is  not  merely  exposed  to  the  influenceot' 
temperature,  but  likewise  that  the  produce  of  this  Row  vafies  to  ' 
cordtDg  to  the  nature  of  the  solid  substance  of  which  thetvbesaiw- 
composed,  and  of  the  fluids  subjected  to  experiment,  -•-'■ 

The  cunchision  of  the  Commissioners  is,  tl\a.l  vV\W' wAe.w^^^ 
Aeienes  the  praise  and  approbation  of  the  C\aw.    \x.  it^ftiwi 
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last  gmrt  promised  by  the  author  very  desirable.  Meanwtiile  maibt 
matician)  will  see  with  pleasure  the  first  three  parts  published  »[t 
ntely  in  the  colleclion  of  Memoires  par  les  savans  Eirnngera. 

Since  the  date  of  this  memoir,  M.  Giraid  Las  become  n  mtmbc 
of  the  Clasj. 

Ntw  Steam  Engine,  filed  far  raising  Heater  to  fery  |mt 
Heights.  By  M.  Gengembre,  Inspector  General  of  the  MioL , 
•CdmiBissianerB,  MM.  Prony  and  Ampere, 

The  author  of  this  memoir  proposesj  I .  To  maintain  a  consttnl 
velocity  in  the  cnliimn  of  water  raised.  2.  To  prevent  the  reac^ 
of  tbifi  column  on  the  valves,  B,  Tosuppress  in  the  mechanism h 
much  a«  piKsible  of  tiiosc  masses  which  lose  their  velocity,  and  n- 
■ceivc  a  new  one  at  each  stroke,  4,  To  employ  the  action  of  vapont 
directly')  in  order  to  avoid  tlie  dccomposilioni  of  force,  which  oca- 
elan  the  loss  of  a  considerable  part  of  ilic  action  in  most  machine). 

The  means  employed  to  eatiify  the  first  condition  are  not  entirrij 
new.  Tbey  have  been  already  employed  by  MM.  Cecile  init 
Martin  in  the  last  machine  tried  at  Marly  to  raise  the  water  hj  i 
eJngle  jet  to  the  height  of  the  aqueduct.  Among  the  other  metlwtb 
which  re^ly  belong  to  M.  Gengembre,  the  most  important  hai  fa 
its  object  to  prevent  ihe  column  of  water  fi-om  retrograding  whiit 
tlie  vBJve  is  sliut.  For  this  it  is  necessary  that  the  piston  rennln 
stationary  till  the  valve  shut  of  itself,  hy  falling,  in  coDsequeoce ef  ' 
iti  weight,  through  that  portion  of  water  which  is  rendered  in-  I 
moveable  by  the  ^xedne^  of  the  piston.  To  accomplish  it,  ibt 
author  has  made  a  very  happy  use  of  the  other  piston,  vrhich  is  Wua 
alone  capable  of  acting,  because  it  is  alone  in  motion.  Anl  An 
improveruent  has  appeared  to  the  Commissioners  deserving  the  par- 
ticular attention  of  the  Class. 

M.  Gengembre  accomplishes  tlie  third  and  fourth  ohjcets  by 
placing  oil  a  common  beam  the  vapour  piston  and  water  ptitOD. 
This  method  is  very  simple;  but  it  completely  answers  the  inten- 
tions of  ilic  author,  and  tends  to  diminish  the  price  of  the  instni- 
ment  by  simplifying  its  mechanism. 

The  conclusion  of  the  Commissioners  is,  that  this  machine  meifti 
the  approbiiiioii  of  the  Class,  and  that  it  ought  to  he  consideredit 
an  addhional  title  to  the  esteem  of  philosophers  which  the  author 
has  already  ac(;uired. 

New  Detetininalion  of  tlte  Orbit  of  Ihe  Planet  Vesta,  By  M. 
Dausiy.  Commissioners,  MM.  Bouvard  and  Burckhardt;  it- 
port  er. 

M.  Dnus^y,  in  a  preceding  memoir,  for  which  he  obtained  tlis 
B>eda)  of  Lalande,  had  employed  all  the  oppositions  of  this  planet 
tbat  be  could  procure.  He  afterwards  observed  himself  tlie  opfiP' 
sitioHof  \ii\4  awhe,  Ecoie  Militaire,  and  calculated  that  of  lUOr 
from  the  first  observations  of  M.Olbers.  All  these  oppositions  unitF'' 
to  tlie  number  of  six  constitute  tlic  base  of  the  new  determinatiin. 
They  cooQprehend  nearly  two  revolutions  of  Vesta,  and  they  are 
iiivourably  disposed  tot  \\\c  oViedV  ol  vvio^mwij.    The  whole  eniill« 
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^iw  to  oradude  that  the  eliptical  elements  ought  to  be  veiy  near  the 
^^Ctltb,  provided  the  perturbations  be  exactly  and  completely  calcu- 
lated.   M.  Burckhardt  had  made  on  these  perturhatious  a  calcula- 
^tlQQ  which. he  compared  with  that  of  M.  Daussy.    He  only  found 
very  slight  differences  in  some  terms  of  little  importance,  which  M* 
JPftuasy  nas  examined  anew  with  particular  care.    Hence  there  is 
Up-  cnror  in  these  points  to  be  dreaded.    But  in  these  perturbations 
are  there  no  other  terms  but  those  that  have  been  used  ?    This  M. 
,|igjpckhardt  has  carefully  examined ;  and  the  conclusion  which  he 
Jym  drawn  is,  that  tim  inquiry  is  as  complete  as  astronomy  requires. 
Tlic  Comoussioners  have  found  in  this  new  memoir  of  M.  Daussy 
jEresb.proofe  of  his  skill  and  zeal  for  astronomy ;  and  have  requested 
j(  tQ  be  inserted  in  the  next  volume  of  the  Memoirs  presented  by 
,..pl|ilotQphers  not  members  of  the  Institute. 
.,^,Orhit  of  the  Comet  of  1807*    By  MM.  de  Lindenau,  Nicolai^ 
^fewd,  and  Nicollet. 

,,    After  the  planet  discovered  by  M.  Olbers,  we  must  speak  of  the 

epinet  observed  by  that  skilful  astronomer  at  tlie  beginning  of  the 

.'•^Qqtti  of  March.    This  comet  was  small,  and  gave  little  light.  It 

was  seen  only  by  astronomers.    Those  of  Paris,  disappointed  by  the 

.'.HMSiither,  could  make  but  a  small  number  of  observations;  from 

.^vvhichy  however,  M.  Nicollet  deduced  a  parabolic  orbit.    Foreign 

4Ui4rQnomers,.  sooner  aware  of  the  existence  of  the  comet,  and  leu 

^distracted  by  circumstances,  were  able  to  follow  the  comet  longer, 

.  jmd  with  more  assiduity.    From  these  more  numerous  and  longer 

vfODtinued  observations,  they  have  deduced  an  eliptic  orbit  $  and  it 

..  ]» remarkable  that  the  greater  axis  of  this  elipse  is  less  than  that  of 

.die  planet  Uranus,  and  less  even  than  that  of  the  comet  of  17^9, 

the  period  of  which  is  Tb  or  7^  years.    We  may  flatter  ourselves 

^that  it  will  appear  in  about  73  years.    This  at  least  results  from  the 

'^<9ilculations  of  several  distinguished  astronomers,  who  have  each 

.^Kparatdy  come  to  this  singular  result,  with  an  agreement  very  un- 

4909imon  in  a  problem  which  can  never  be  resolved  in  a  way,- 1 

shall  not  say,  certain  ;  but  even  moderately  probable  after  a  single 

•|N)earance.    That  this  agreement  may  be  perceived^  we  shail  ex- 

.  Uhit  the  two  eliptical  orbits. 

According  to  According  to 

MM.  Lindenau  and  Nicolaf.  BesseL 

Time  at  Sceberg.  Time  at  PariK 

Time  of  perihelion,  1815,  April  26,03857    26,00374 

Long'itode  of  perihelion 149^  3'  28-13'' ....  149°  3' 29-1'^ 

Longitude  of  the  node   83  28  52*3     83  28  46-14 

Inclination 44  29  56        ....  44  29  53-7 

•  Eccentricity   0-93029-345    0^1 12771 

DiBtance  of  perihelion 1-2126878 

JScroiaxis     17-39704  . . .  .l7-(>0964 

'  IRevoIutioh 

Direct  motion    72*584  years      . . ..  .JV 
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?Wc«8!^J  of  Phiifiiophical  Soc'itt'ies. 
■  E:rpirfmenti  nn  Ike  Dilalolian  t>f  Solids  and  Liquids,  and  ehalt 
Fluids,  at  high  Temperatures.  By  MM.  Duiong  and  Petit,  Com- 
tnUsiotlers,  MM.  Gay^Lussac  and  Biot. 
'The  object  of  ihese  esperiinents  is  to  determine  the  dilatation  ef 
mercury  and  solid  bodies  compared  with  tiiat  of  air  at  high  tem- 
peratures. The  authors  first  compared  the  dilHiatioa  of  air  with  thai 
of  mercury  in  glass.  The  apparatui  empluyed  wai  sitTiilar  to  one 
formerly  used  by  Giiy-Lus^ac  for  the  same  object,  below  the  boilii^ 
point  of  water.  The  commissioners  explain  the  modiiicBtioni, 
which  it" underwent  in  the  hands  of  Duiong  and  Petit;  and  the 
causes  of  tbeHi.  We  cannot  enter  into  these  details,  nor  into  ttoM 
of  the  experiments  rejH-'ated  in  two  diflerent  ways,  which  a^edin 
showing'  tliat  the  dilatation  of  mercury  in  glas!'  increases  when  cam- 
pared  with  that  of  air,  as  there  w'ias  reason  to  presnme  would  be  tin- 
case  from  fxperimefits  o»' other  liquids.  The  dilferencc  is  insensibte 
as  far  as  )00°  (centigrade),  a  result  which  M.  Gay-Lussac  had 
already  established,  and  which  is  of  consequence  in  the  calculatioD 
of  astronomical  refractions.  Above  this  term  the  mercurial  thir* 
mOin^r  rises  more  ihmi  the  air  thermometer!  and  when  theidrnm 
iDBifcs  SCO",  tfce  latttr  marks  S.V  less. 

-Tliis  resiillooly  gives  the  apparent  dilatation  of  mercury  in  glass. 
Te  know  the  absolute  dilnintJon,  ihu  authors  employed  a  prooMi 
analo^iij  to  one  contrived  by  Borda  to  know  the  dilatation  of  pU- 
ttnOni  rods  for  the  operations  of  the  meridian.  Their-  esperimcnO 
made  with  this  apparatus  at  different  tem[>e  rat  ores,  riiing  graduaUf 
to  300°;  led  them  to  this  unexpected  consequence,  that  in  Wgli 
temperatures  the  dilatation  of  metals  follows  a  mare  ra{)id  taw  thaS 
that  of  the  mercurial  thermometer ;  and,  a  fortiori,  more  Wpiit 
tban  that  of  air;  so  that  when  an  air  thermometer  marks  SOO^fln 
the  scale,  a  mercurial  «ne  will  mark  310°,  and  a  metallic  thcnno- 
ih^t^^  330°.  This  result,  tiiough  not  easily  foreseen,  is  not,  hew-i 
ever,  Tontrary  to  analog  ;  for  it  does  not  imply  that  the  dilatalicD 
of  metals,  coii.pared  with  that  of  air,  increases  more  rapidly  llnu 
tti@  Absolute  dilatation  of  mercury,  which  indeed  would  beMeij 
onlik'ely;  bin  mor«  rapidly  than  the  apparent  dilatation  of  meroun 
hi  glass,  which  is  the  excess  of  the  real  dilatation  of  that  liquid 
sbdve  that  of  the  vessel  in  which  it  is  contained.  But  since  die 
sbsen^tion  of  the_  metallic  thermometer  gives  to  metals  an<  ii^ 
(•reWicg  dilatation  with  respect  to  air,  ii  is  probable,  h  a  tfita 
certain,  according  to  the  experiments  of  MM.  Duiong  and  P«ttti 
fha(V^lela>  like  wife  possesses  this  quality.  Hence  the  progfessiie 
j«c^4t  of  its  volume  ought  to  make  th«t  of  the  mercui7  IpnMPi 
ftfile^  Stid'tnay  balance  it  Kufticipntly  to  render  its  progreSKstoWf 
than  thal'el-ihe  ^letals  eoiisidcFed  aloiie.  -ThiE^iswhat'thaiainkn 
carefully  remark,  l:  ,  .  ..  i.  .., 

Supposing  these  notions  accurate,  the  dilatation  of  mercury  in 
metals  (in  iron,  for  example)  ought  to  appear  increasing,  the 
liquitl  dilating  more  Than  the  metal.    The  Hiiihors  have  verifii^  tlu 


1816.1  '■'   Bogat  Jnstkute  of  France.  SSjr 

by  weighing  the  quantities  of  mercury  that  could  be  fcontakied  in  a 
vessel  of  iron  a(  different  temperatures,  rising  higher  and  higher. 
Between  0  and  100^  they  found  the  absolute  dilatation  of  mercury, 
ODnected  fcom  that  of  the  iron,  esiactly  as  assigned  by  Lavoisier  and 
Laplace,  by  analogous  experimehts  made  in  a  glass  matrass.  But 
at  higher  temperatures  the  mercury  dilated  at  a  much  more  rapid 
rate.;  for  it  flowed  from  the  vossel  in  quantities  much  more  oonsir 
derabte  than  would  have  been  the.  case  if  the  iron  and  gl^is  bad' 
paeserved  proportional  dilatations. 

J  Supposing,  then,  the  facts  well  observed,  and  the  numerical  re* 
dundoDs  exactly  made,  we  cannot  doubt  that  mercury,  glass,  ^and 
the:mo8tinfusable  metals,  follow  iiKsreasing  rates  of  dilatation  when 
oompsredto  that  of  the  air  thermometer,  when  tbey  are  exposed  to 
higher  temperatures  than  that  of  boiling  water;  and  that  these 
jfiffisreDcea  (which  could  not  have  been  supposed)  are  very  sensible 
cben  below  300"^. 

^: This. is  an  important  result;  for  which  we  are  indebted  to  the 
•Qdthors.iif  the  memoir.  Being  no  looger  able,  then,  to  riegard  any 
of*  these  bodies,  except  perhaps  air,  as  following  the  law  of  dilata- 
tions proportional  to  the  increase  of  temperature,  it  becomes  neces^ 
Sffl^Bto  measure  the  absolute  dilatations  of  this  fluid  at  high  tem- 
pmtures,  and  to  show  their  relation  to  the  quantity  of  beat  re- 
(|«ir]ed.  After  thb  we  shall  know  the  dilatations  of  all  other  bodies 
w.  comparing  thein  with  that  of  air.  It  is  then,  and  only  then, 
Inat.  we  shall  be  able  to  measure  the  quantities  of  heat  by  the  ther- 
asometer,  whether  of  air,  mercury,  or  metal,  and  that  we  shall  be 
able  to  determine  the  true  laws  of  the  cooling  and  heating  of  bodie^; 
tt.all  temperatures.  Of  this  the  authors  are  sensible,  and  they 
piepareto  continue  their  experiments  under  this  point  of  view.  Jt 
ia  of  importance  to  encourage  them ;  for  these  researches  are  at 
pfcsent  indispensable  for  the  advancement  of  our  knowledge  in  the 
theory  of  heat. 

:Comp€mnd  Lock.  By  M«  Peyrard. 
vrThe  report  which  M.  Molard  read  on  this  occasion  is  a  complete 
Ipistorypofi  this  kind  ot  lock  from  the  first  invention  down  to  our 
timesi  >  -It  is  accompanied  with  engravings,  which  render  it  more 
eitaily  undentood.  The  Class  has  decided  upon  publishing  it  in  die 
memoirs.  This  reason,  and  the  impossibility  of  giving  the  drawings 
herein  prevent  us  from  making  any  extract.  We  shall  merely  state 
the^t^bMusion,^  which  regnrds  M.  Peyrard ! — 
>;'c^' The;  means  employed  by  M.  Peyrard  to  render  every  attempt  at 
pifiking  inefficacious,  are  so  combined  as  to  produce  thb  efiect  in 
tWdBbost.  certain  and  complete  way.  In  this  point  of  view  we  think 
tfaHt.thia itnprovemeofi  deserves  the  approbatbo  of  the  Qjiss/- 

[U  h  continued.) 
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Cprrecttoiu  of  the  Paper  imerled  in  the  last  Numler 
Annals,  p.  279.     By  Mr.  Horner. 
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'     ■  (To  Dr.  Thomson.) 

DEAR  SIR,  Balk,  Oct.  S,  IBlt. 

Having  partly  prepred  my  last  communication  at  a  time  vbn 
the  preceding  volumes  of  the  Annals  were  in  the  binder's  hands, 
find  completed  the  references  Rfterw&rds  in  a  perfunctory  manner,  I 
did  not  percei?c,  till  1  received  your  last  number,  a  material  nw 
in  my  reference  to  that  for  Ma>j,  181C.  It  certainly  was  not  mf 
intention  to  give  my  suffrage  to  the  criticism  of  Dr.  Tiarlis,  but  oE 
the  correspondent  who  subscribes  N.  K.  D,,  and  who  has  with  per- 
fect correctness  remarked  that  Mr.  Lockhart's  fourth  cube  tool  o( 
64  is  a  disguised  cube  root  of  8.  If  Mr.  L.  had  written  —  (2  -  6 
V  —  3).  instead  of  the  awkward  expression  +  (—  2  +  6  V  —  J), 
he  could  hardly  have  failed  to  anticipate  N.  R.  D.'s  observations. 

The  words  "  alternately  positive  and  negative,"  at  p.  2^0, 1.  IS. 
should  have  been  "  alternately  negative  and  positive,"  TUi 
trratum  is  probably  due  to  the  transcriber.  Kut  I  notice  several  tii 
the  impression  which  an  attentive  reader  will  readily  see  to  tt 
typographical.  Two  of  them  have  fallen  so  unluckily  as  consider- 
ably  to  affect  the  perspicuity  of  the  ultimate  results  of  the  con- 
cluding section.  Permit  me,  therefore,  to  repeat  those  resulis hofi 
and  to  subjoin  a  few  addilional  inferences. 

The  correct  values  of 


</^-s/T- 

*3 

81 

-T*\/^- 

ft 
3 

=  A,  An 

-i-v/T- 

S 

=  B,  B'  >  (I) 

-  i  =f  v/t-  - 

_  Jl 

=   C,  C'J 

Or,     J-  R  i  ^  (r    -  f)   V  —  3  =  A,  A'") 

-   i  r  ±  ;.  (R  +   f)   V"^^  =  B,  B'  >■  W-  • 

-  i  s  T  t  (8  +  ')  '^^^  =■  c.  cj'  '•": 

in  both  the  case^  of  cubic  equations ;  except  that  the  values  o( 
C,  C,  (as  1  should  have  said  in  my  last,  instead  of  B,  B',)  in 
«}«atioDs  (1),  become;  duhioi>s  when  applied  to  the  rvduoiblfr 
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To  a  careless  observer,  these  equations,  as  far  as  regards  the  dis- 
puted signs,  may  appear  to  confirm  Mr.  L.'s  opinions ;  equations 
(1)  may  in  fact  be  supposed  primd  facie  to  be  identical  with  his. 
But  it  will  be  obvious,  on  reverting  to  p.  284  for  the  vahtes  of  r 
•nd  qy  from  whicii  equations  (2)  were  derived,  that  the  roots  which  I 
^11  r  and  ^.  are  equivalent  to  the  roots  /  and  v  of  your  former  Corre^ 

Sbndents  in  the  irreducible  case,  and  to  v  and  /  in  the  reduciUie.  In 
e  latter  case,  therefore,  my  results  are  equally  incongruous  with 
those  of  either  Mr.  L.  or  Mr.  Atkinson,  The  last-mentioned  gen- 
tleniaii  has  reasoned  accurately  respecting  the  root  /,  but  has 
awimed  the  case  for  v  without  investigation. 
* '  Ai  p.  383,  1.  Id,  for  interrupted,  read  interpreted. 
)  Anxious  to  be  the  first  to  correct  my  own  oversight,  I  add  nothing 
Mre  at  present,  lest  1  should  exceed  the  limits  of  convenient  ftd-> 
sissbB  into  ygur  nexU 

I  am,  very  respectAilly^  yoqrSf 

IL  On  the  Curvature  of  the  Circle. 

(To  Dr.  Thomson.) 

.  I  am  glad  to  observe  that  the  proposition  which  you  obliged  me 
)y  inserting  in  the  Annals  for  June,  respecting  the  curvature  of  a 
urcle,  has  excited  some  attention.  Mathematicians  in  general 
«eiB  to  have  had  no  clear  and  definite  notions  respecting  tb^  prin- 
siple.  To  suit  one  purpose,  they  assume  the  circle  to  be  of  per- 
ectlv  uniform  curvature :  to  suit  another,  they  assume  it  to  be  only 
I  polygon,  or  figure  made  up  of  a  number  of  sides.  These  two 
deas  certainly  ought  not  to  be  used  indiscriminately.  It  is,  there- 
fore, necessary  to  determine  which  of  them  is  correct. 

The  principle  I  laid  down  has  not  been  objected  to,  though  the 
demonstration  of  it  has  been  pronounced  unsatisfactory.  The  fol- 
lowing may,  perhaps,  be  considered  more  conclusive. 

If  the  two  right  lines,  n  C,  and  m  C,  meet  in  the  point  C,  they 
flsust  evidently  form  an  angle ;  and,  according 
to  the  controverted  principle,  this  angle  con- 
•dtutes  a  portion  of  the  circumference  of  the 
orcle ;  but  this  angle  is  capable  of  increase  or 
diminution ;  and  therefore  all  circles  of  the 
Mine  diameter  have  not  the  same  curvature, 
which  is  obviously  erroneous.  And  eonse- 
quently  that  if  all  circles  be  of  the  same  curva* 
ture,  they  must  have  no  angles,  and  therefcMre 
lQ  right  lines,  which  is  according  to  the 
Mgiiud  proposition. 

-  If  the  above  demoostrition  be  deemed  insofficient,  Tshould  like 
^;Me  what  proof  can  be  adduced  in  suppott  o(  the  os^^Sx&^^sSs:^ 
^l^I^'*  Youra  tesp^tfoAV})   . 


r 
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fXf%y  ^f,.Ml^  ■^mlher  Communication  dntAe  same  Subject, 
-'•'"'''  ■   '  {To  Dr.  ThoiDtqo.)  "/    -r 

lud'.K  «R,  ..'.', 

V?'  ^Ib'  one  of  your  former  oumben  there  ivas  a  propositiod  ^tlilg 

■  that  no  part  of  the  circumference  of  a  circle  js  a  straight  line,  k 
your  iMt  number  (here  was  am  aitempt  to  answer  this  proposition  tj 
preteDtting  to  assume  the  same  mode  of  reasoning. upou  a  squareu 
the  penilcinan  who  advanced  the  proposition  a[)plit;d  to  the  cirile, 

■  Had  the  mode  of  reasoning  of  tlie  foimtr  corresponded preei«lj 
with  that  of  the  latter,  the  objection  would  have  niilitateo  agaiist 
■the  proposition ;  but  there  is  this  difFereuce  between  these  gemle- 

-  men's  reasoning ;  the  former  selects,  to  suit  his  own  purpose,  iSil 

part  of  the  suuare  which  makes  anangtc ;  but  the  laiier  slloiis  snj 

part  6f  theeircumferencc  of  the  circle  to  be  taken,  whicti  com- 
'  >  pletety  tkstroys  the  force  of  the  ans^vers. 

!    The  following  demonstration  contributes  to 
-.  confirm  tlie  truth  of  the  proposition  which  was 

laid  down   by  your  first  correspondent  upon 

this  subject ; — 

Suppose  fi  t  io  be  a  straight  line ;  then  «- 
-  tend  the  lines  C  a  and  C  ^  to  A  and  B,  and 

describe  the  large  circle.     But,  according  to 

«nathematicat  principles,  A  B  is  to  the  circum- 

fereoce  of  the  larger  as  a  i  is  to  the  circumference  of  the  sraallfr; 
.   faut  the  large  part,  A  B,  is  a  curve,  and  therefore  ibe  indefinilcl; 

SRIbII  part,  a  b,  is  also  a  curve.     Q.  E.  D. 
-I'U  I'  lam.  Sir,  your  obedient  serrant.      ,.' 

9jl-'   '  IV.  Spots  on  ike  Sun. 

.0«i>!' 

jjgjjU,  _  (To  Dr.  Tbomsan.) 

19iIjj.  (      MY  DE*R  SIR,  Bushcy  Heath,  Sept.  81,  lti% 

'    ;  The  spots  00  the  sun  having  excited  so  much  attention,  I'tiJic 

.  occasion  lo  mention  a  singular  fact  that  w»s  communicated  tone 

.     some  years  past  by  my  friend  ihe  late  Mr.  Wm.  Bayly;  he  told  mt 

Aal,  as  he  was  viewing  the  spots  on  the  sun  with  a  telescope,  lit 

observed  one  of  them  suddenly  split  and  separate  in  two.    Mr. 

Bayly  was  a  man  of  strict  veracity ;  and  hud  accompanied  Captaia 

,.--)Cook  twice  round  the  world  as  astronomer;  and  afterwards  vai 

ji-iiHead  Master  of  the  Royal  Naval  Academy  in  Portsmouth  dock* 

yan},  I  remain,  my  dear  Sir, 

Very  Elncerely  yours, 
I:  Mark  BEAvrttT. 

b£fi  «j3^.  Comparative  Heights  of  the  Sm/ace  of  Ike  Caspian  vi 
-a<>i'i\  .  Black  Setu 

la  (■onsequence  oE  i\\e  o\iaer>ia.uoi\^  o?  Mayer,  Pallas,  &c.  iib 
long  been  the  geneT&\  op mvou  \W\  "i^t  ^w.Wt  >i\  'i&.t^iE.^Aia'Sei 
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is  considerably  lower  than  that  of  the  Black.    Dr.  Young,  in  Kis 
Liecturq^-  on  Natural  Philosophy,  vol.  ii.  p.  367*  stat^  the  differ- 
ence, but  without  giving  any  authorhv,  as  Sf)6  reet.    Some  years 
ago  Messrs.  Engelhardt  and  Perrot  undertook  a  journey  to  the  coun- 
«.,  .trie3.  that  ^ivide  these  two  seas,  partly  to  examine  the  Caucasus^  but 
'T,  ^hiefly  with  a  view  to  subject  the  relative  l^i^ights  of  the  surface  of 
^.'  thjBse  two  seas  to  a  barometrical  measurement.  ^  The  result  of  their 
^^  labours  was  published  last  year  at  Berlin,  in  two  octavo  flumes, 
^  ^upder  the  title  of  Reise  in  die  Kryiii  und  den  Kaukasus.  •'.  I  eaw  this 
y  fjbopk  spme  months  ago  in  Sir  Joseph  Banks's  library ;  but  it  bap- 

r!De(l  to  be  lent  out  before  I  had  an  opportunity  of  perusing  it^  and 
have  not  seen  it  since.  The  account,  therefore,  ot  their  measure- 
j  ^went,  which  I  am  about  to  give,  is  derived  from  an  extract  from 
r.  .that  book  published  by  Gay-Lussac  and  Arago  in  the  first  number 
^  .of  the  Annales  de  Chipie  ct  Physique,  p.  55.    ^^       -     .  -   . 

The  distance  betw^n  the  two  seas  is  813  wentesi    Now: as 
104*3  werstes  constitute  a  diegree  of  the  meridian,  this  distariee-may 
be  stated  at  539^  English  miles.     They  levelled  this  iBstan^e  no 
fiesa  than  three  times,  by  means  of  a  barometer;    The  height  lof  the 
'  barometer  at  every  station  Was  always  taken  four  times,-  at  an?in- 
;    terv^l  of  15  minutes  each,  and  every  precaution  was  attended^to 
\  that  could  ensure  accuracy  in  the  observatioftii.    Tliey  began -at  the 
mouth  of  the  river  Kuban,  which  falls  itito  the  Black^  Sea,"  and 
proceeded  to  the  mouth  .of  the  Terek,  which  falls  into' the  Ctts^an 
.nearly  under  the  same  parallel.'  The  number  of  stations  was ^$1^ 
j::\s6  that  the  mean  distance  between  each  was  nearly  1 276 .miles.  (For 
^  *ihe  distance  between  the  two  seas  by  the  road  they,  took  was  SdO 
werstes.  '         ..-■.''        •  .:    '  .- .  :■    -- 

The  first  measurement  was  begun 'on  the  13th  of  July,  and  ter- 
minated in  October.     It  was  made  under  very  favourable  circum- 
stances, and  gave  10^  metres,   or^S44*5  English    feet,    for  the 
elevation  of  the  surface  of  the  Black.S^a  above  that  of  the  Caspian. 
-The  second  measurement  was  made  from  the  Caspian  to  the  Black 
Sea  between  the  lOtK  and  the  14th  of  October.    -Bui  ifX  weather 
'';was  very  unfavourable  ;  for  thfe^  encountered  a  gteatd]^!  of  "wind, 
raiin^  and  snow,  which  usually;  when  they  occurs  render  barome- 
^j  trical  measurements  too  low.    They  found  the  differeticQ  between 
'.  >  .the  surface  of  the  two  seas,  by  this  second  measurement,  S^2  metres^ 
"ojr  301 '8  English  feet.    M.Perrot  had  the  patience- to  makeathird 
* .  ..measuremeht;'  but  he  was  so  long detaii^ed  on  the  way,A  that  there 
was  ho  cbfrespbnding  observatio/i'dn  th^  ^h6re^f  the- Black'Bea, 
'    *M.  Eirigeihardt  Having  made  his  last  th^  evenirtg  b^fdr^lM.^Pirrot 
.  reached  the  Caspian.      This  ^ird  hieasur^ififtent  would  c give  \>9 
metres,  or  324':8  Eriglish  feet.    But  this  measurement,   for  the 
reasons  stated,  cannot  be  relied  on.    The  mean  of  the  first  two 
measurei[nents  gives  us  98*5  metces,  or  323*17  English  feet. 

It  was  the  ciplnfen  irPalla^'th^^  thi  Je*«  «^^tf^)laR^Sea  had 

formerly  been  much  higher  than  at  present.  3mion  is  cob* 

^V  firmed  bry  Perfot- alid^Ei^lfaacrdty  who  placAdb  i^t  1^\. 
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metres,  or  7677  English  fcet,  above  the  present  level ;  so  ihet  ih* 
quantity  of  water  lost  must  be  iinaiense.  They  coDceive  that  thii 
did  not  happen  by  evaporation ;  fur,  accordiog  to  Gnielin,  the 
Caspian  Sea  dots  not  contain  one-t'oiirlb  of  the  quantity  of  salt 
which  exists  in  the  Atlantic.  They  eoneeive  that  it  has  made  iu 
escape  by  means  of  subterranean  channels,  wliicli  occasional!; 
open.  But  Ihc  pos.sibility  of  such  an  escape,  at  least  into  the  Black 
Sea,  seems  problematical.  The  surface  of  the  Black  Sea  being  m 
much  higher  than  that  of  the  Caspian,  if  any  such  channels  had 
existed,  the  water  ought  to  have  moved  ihe  contrary  way^  and  ifr  ' 
creased,  instead  of  diminished,  the  size  of  the  Caspian. 

VI.  Comparative  Heights  of  the  Surface  of  ike  Red  Sea  end  of 
the  Mediterranean. 
When  the  French  were  in  Egypt  tliey  levelled,  under  the  diiw 
tion  of  M.  le  Pcre,  the  distance  between  the  Red  Sea  and  the 
Mediterranean,  and  found  the  surface  of  the  Mediterranean  B"18 
metres,  or  2G'ti4  English  feet,  below  the  surface  of  the  Red  Seait 
low  water;  andsy  metres,  or32''I7  English  feet,  below  the  sufftte 
of  the  same  sea  at  low  water. 

VII.  Comparative  Heights  of  St,  Georges  Channel  and  ike 
German  Ocean. 

The  difference  between  the  height  of  the  surface  of  the  sea  on 
the  west  and  enjt  coast  of  Great  Britain  is  50  feet ;  that  is  to  say, 
the  surface  ot  St,  George's  Channel  i*  50  feet  higher  than  the  sur- 
face of  the  Germiin  Ocean,  calculating  the  difference  by  the  canals 
proceeding  east  and  west  from  Birmingham.  The  descent  of  ilitse 
canals  is  known  by  the  number  and  height  of  the  locks  in  each. 
But  I  do  not  believe  that  the  height  of  these  locks  is  given  with  w 
much  precision  as  to  allow  us  to  found  any  calculations  upon  it. 

VIII,  Method  of  hardening  Steel  by  Arsenic.     By  Mr.  Gill. 
<To  Dr.  Thotn^iin,) 
SIR,  No.  83,  S(,  Jama's-ititet,  Oct.  4,  1818.  , 

Seeing  in  your  last  number  a  notice  from  Mr.  Gregor  on  the  late, 
much  to  be  lamented,  Mr.  Smithson  Tennant's  discovery  of  a  small 
quantity  of  arsenic  in  the  Indian  cast  steel,  or  wootz,  1  am  happy 
in  beirgable  to  add  my  testimony  of  such  a  union  being  sometimes 
made  in  this  country,  where  very  great  hardness  and  strength  in 
steel  articles  are  required  ;  although  the  process  is  but  in  very  fe» 
liands,  and  by  no  means  so  well  known  as  it  ought  to  be.  Thui 
some  locksmiths  can  make  »IJt-saws,  which  will  readily  saw  througb 
a  case  hardened  key ;  and  1  have  heard  of  some  Celebrated  tnaken 
of  avvls,  which,  slender  as  they  are,  will  yet  penetrate  through  t 
shilling,  without  landing  or  breaking;  and  I  know  that  ihis  extra- 
ordinary hardness  and  density  is  given  to  them  by  quenching  tbeto, 
frhea  heated  to  a  dvic  degvee,  "\iv  a  ^o\\i'C\ott  o'i  iiS^<«i\ii  ia  animil 
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^ils ;  but  I^all  reserve  the  communication  of  the  exact  process  for 
^  work  which  I  have  long  had  it  in  contemplation  to  publish  on  the 
treatnoentof  iron  and  steel  in  general;  and  particularly  according 
Lo  the  superior  processes  employed  by  my  late  lalher^  myself^  and 
Dtbersy  which  I  have  made  it  a  study  to  obtain. 

•With  regard  to  wootz,  I  know  that  an  old  and  celebrated  maker 
of  sextants,  and  other  mathematical  instruments^  has  found  that  a 
dividing  knife  made  of  wootz,  hardened  in  a  particular  manner, 
stands  better  than  any  he  ever  made  before ;  and  I  have  had  a  desk 
kni&y  made  by  my  own  process,  of  wootz  re-cast  in  this  country, 
in  constant  use  for  three  years  and  eight  months,  without  its  edge 
being  in  the  least  degree  injured,  or  ever  requiring  to  be  set. 

I  trust  that  these  facts  will  now  induce  the  manu&cturers  of  cast 
steel  in  this  country  to  make  experiments  with  a  view  to  its  im« 
fMTOvement,  by  the  union  pf  arsenic  with  it  during  its  fusion ;  from 
wfaieh  results  of  the  utmost  importance  may  probably  be  obtained, 
and  this  country  no  longer  remain  under  the  stigma  of  being  ex* 
celled  by  the  simple  Hindoo  in  one  of  its  staple  articles. 

I  sincerely  regret,  with  yourself  and  Mr.  Grcgpr,  that  so  cele- 
brated a  chemist  as  Mr.  Smithson  Tennant  should  be  cut  off,  with- 
out benefiting  the  world  by  the  communication  of  the  valuable  mass 
of  knowledge  which  he  must  undoubtedly  have  acquired  in  the 
course  of  his  long  experience.  It  is  a  case  of  too  frequent  recur- 
rence that  skilful  and  scientific  men  set  too  little  value  upon  their 
discoveries ;  and,  content  with  employing  them  for  their  own 
benefit,  think  not  of  the  great  labour  it  cost  them  in  attaining 
them,  and  leave  the  world  but  little  better  for  their  experience.  It 
shall,  however,  be  my  care,  that  a  similar  fate  shall  not  befal  my 
late  father's  improvements ;  as  it  is  only  by  the  diffusion  of  know- 
ledge that  the  arts  can  be  brought  to  perfection.  I  cannot  here 
avoid  paying  that  tribute  of  justice  to  the  Society  for  the  Encou-* 
rogement  of  Arts,  Manufactures,  and  Commerce,  which  its  eminent 
services  to  the  public  so  fully  merit ;  and  which,  under  the  auspices 
of  its  Royal  and  scientific  President,  and  the  very  great  augmenta- 
tion of  its  members,  bids  fair  to  attain  that  national  importance 
which,  from  its  great  utility,  it  is  entitled  to.  It  is,  indeed,  with 
the  exception  of  the  Board  of  Longitude,  the  only  institution  in 
this  country  where  mechanical  skill  and  ingenuity  can  hope  for  a 
reward  ;  and  I  am  truly  proud  in  having  had  it  in  my  power  to  for- 
ward its  beneficial  objects  as  a  member,  and  a  Chairman  to  itrt 
Committee  of  Mechanics  for  many  years. 
I  am,  with  much  respect, 

Sir^  your  most  obedient  servant, 

Thomas  Gill. 

IX.  On  Mr,  RyarCs  Mode  of  Ventilating  CoaUJ^^^'^Sn    . 

I  have  been  requested,  by  a  letter  froiti  a  friendl  i"  \tb 

oiiblish  the  following  document  \ix  the  Annals  afP  '  ;^' 
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We  whose  names  are  undersigned,  being  persons  who  <!ompoaH 
the  meeting  held  at  the  Assembly  Rooms,  Newcastle,  Sept.  9, 
1815,  observing  ihat  Mr.  Ryan  has  affiited  ihc  resolution  of  thit 
meeting,  with  our  wgnatures,  -to  bis  "  Letter  to  the  late  Secreiarjr 
of  the  Society  of  Arts,"  on  his  method  of  ventilating  coal-mines, 
fee!  oorselves  called  upon  to  declarp,  that  no  part  of  that  method 
vfbf  then  explained  to  us,  but  simply  an  application  of  the  inverted 
siphon  to  the  clearing  away  of  collections  of  carbureted  hyiJrogiii 
gas  which  may  have  accumulated  in  cavities  in  the  higher  levekcf 
a  toal-minej  which  be  illustrated  by  the  common  experiment  (rf  9 
bended  glass  tube  immersed  in  two  fluids  of  diDereot  densities. ,  , 

In  consequence,  however,  of  this  general  explanation  of  Mr. 
Ryan's  principle,  the  particular  application  of  which,  at  the  suae 
time,  he  expressly  declined  commu[)icaiinij,  we  thought  it  r%litta 
give  our  testimony  of  general  ap|)robationof  it,  '*  as  consistent  wllh 
the  principles  of  philosopify ;  "  and  in  consequence  of  his  assurauns 
of  Its  successful  application  in  certain  coal-mines  in  Staifordiht(e, 
"  recommended  the  -propriety  of  its  adoption  to  be  taken  into  cau- 
■  ^ideration  by  persons  interested  in  the  coal-mines." 

On  the  merit  or  demerit  of  the  plan  now  pointed  out  by  Mr. 
Ryan,  we  do  not  feel  ourselves  called  io  give  an  opinion ;  our  oaij 
object  is  to  state,  that  nn  communication  of  it  was  made  lO;tM4t 
the  meeting  above  alluded  to.  ^i.   "i.i't 

(Jr./-  Jt.  W.  GUEV. 

■'■^'■■"'  T.  H.  BifiGB. 

William  Turnbr, 
Nat.  J.  Winch. 
John  Carr. 
John  Honcsox. 

X.  Amwif  lo  Mr.  Donovan's  Defence  in  the  last  Number  ofjfli 
Annak,  p.  315.  ,    „ 

(To  Dr.  Thomson.)  I 

•. ""  ■  Sir, 
I  *'  T'jjcrceivc  that  Mr.  Donovan,  inhis  replytomyobservatiansifiu 
■^of  ventured  to  assert  directly  that  his  Essay  obtained  the  prize,  iut 
Ili'erely  endeavonred  to  show  that  the  reasoning  which  he  attribuKs 
to  me  is  inconclusive.  This  he  seems  to  have  d6ne,  partly  to  mis- 
lead the  public  from  the  real  state  of  the  case,  and  partly  to  exlilhit 
his  acquaintance  with  l]ie  terms  of  logic,  I  staled  as  afacl  which 
.  1  knew  cerlainhj,  and  -not,  as  he  insinuates,  by  any  "  infereace 
from  the  definition  of  the  academic  prize,  or  tlie  abstraction  of  10^." 
that  he  obtained  the  AIM.  which  were  voted  merely  as  a  gratotiy; 
and  I  now  tell  him,  if  he  is  ignorant  of  it,  that  the  Committee ap- 
pointed  to  examine  his  Essay  (whith  constitutes  about  two-thirds  of 
the  present  publication,  and  the  only  tolerable  part  of  it)  dedaKJ 
It  not  entitled  to  t\ie  ptiie.    He  ravistj  therefore,:  excuses     " ' 


CaRisT.  Bevsosi.  1/ 

Wm.  ClARKU.'       ■  ,^l!^ 
Wm.  ARMSTEoyc.  .' 

Rob.  Wm.  Branallno. 
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efer  the' testimony  of  the  disiinguuhed  members  of  that  Com- 
)t|eeto  hn  infetence.     Mr.  D.'s  direct  proof  ^ws  Uiai,  in  his 
licat  studies,  he  overlonked  that  part  which  cautions  us  against 
tng  an  argument  wbiili  may  be  retorted.     My  Essay,  lie  says,  -is 
M/^  ess»y,  because  two  others,  which  obtained  -ibl.  and  iOL, 
[•-^pear  in  the  Academy's  Transactions,  and  arc  there  ilciiorninated 
prize  Cissays.     To  thi>  I  answer  that,  if  his  appeared  tbeie,  the  ar- 
^umpnt  might  he  admitted;  but  as  ilie  Academy  did  Dot tltlnf^. It 
wrrthy  oF  this  honour,  it  cannot  be  compared  to  those  iv^icli  wcic 
pubhshed  without  hoitation ;  and  this  circunvstance  i  consider  Af— 
cisive  on  the  point.     If  the  sum  constituted  ilie  prize,  we  arc  Jo 
suji|)i>se  thai  it  is  proportional  to  the  merit,     &]r.  X).'s'J£ssay  nuM,' 
thireiore,  have  been  superior  in  the  ratio  of  40  ;  :^5  lo  one  whicb- 
was  published ;  and  yet,  though  the  Transactions  do  not  seem  ov<^ 
biiMnent;d  with  scientific  communicaiiona,  they  positively  rejec(  it* 
"""  es  not  this  show  that  tlie  Essay  was  considered  worthless,  and 
t  lite  money  was  vnied  on  some  other  account  lhu»it$  merit}  If 
a  necessary  to  explain  why  they  gave  any  thing  to  it,  1  should 
^IBribe  it  partly  lo  ibeir  wisli  to  encourae;?  a  laborious  individual, 
and  partly  to  the  feeling  of  compassion  caused  by  a  complaint  tvhich 
he  made  in  his  manuscript  ol  the  heavy  expense  which  hi  incorred 
by  his  experiments,  which  he  said  was  sucli  as  nearly  lo  equal  the 
^Utal  sum  ofTefed.     His  subsequent  conduct,  howevtr,  will  e&c 
Bully  prevent  any  re|)etitiun  of  such  ill-judged  liberality.  ,   , 

^t  Idy  fears  tor  the  character  of  the  Academy  arose,  nut  from  any 
Blea  that  they  were  pledged  for  the  sraertions  which  Mr.  D.  makes 
IQ  liis  Essay  :  that  is  obviated  by  their  prefatory  advertisement ;  but 
{t  could  not  secure  them  from  the  charge  of  want  of  judgment,  if 
they  bestowed  a  prize  on  a  production,  half  of  which  was  merely  a 
compilation  from  different  journals,  and  the  other,  though  not  so 
absurd  as  the  hypothesis  which  he  has  since  substituted  in  its  place, 
yet  is  sufficiently  so  to  astonish  those  who  had  any  InowWgeof  the 
subject.     With  Mr.  D.'fi  Essay  I  have  now  done.    It  is  unnecessary 
for   an  Individual,  whose  name,    even  if  known,  would  have  no 
weight,  to  volunteer  any  further  in  a  cause  which  the  Academy 
r  itself  has  taken  up,  particularly  as  be  has  apologised  to  tbem  for  his 
"■eoDduci,  in  a  letter  which  is  inserted  in  their  journuls.     In  the 
course  of  the  discussion,  my  original  statement  was  read  before  the 
Council  of  the  Academy,  and  was  not  blamed  or  controverted ;  so 
'tltiat,  if  he  denies  its  truth,  he  does  it  without  the  pretcncu of  igno- 
^MBce  ;  and  it  is  useless  to  dispute  with  a  man  who  shuts  his  eyes 
BiniDst  conviction.     As  to  the  other  part  of  his  letter,  namely,  ihe 
l^cess  for  obtaining  silver,  if  I  am  wrong,  1  err  with  many  ;  if  I 
Pbn  ioipolite,  so  are  most  of  the  chemical  writers  who  mcntiun  the 
«ubjeet ;  for  their  statements  are  all  at  variance  with  his,     Jt  there- 
fore dues  not,  I  hope,  argue  very  profound  ignorance  to  question 
r,  die  accuracy  of  aehemi^t,  who  has  scarcely  been  heard  of,  on  the 
mbvrities  whivh  J  ihuiJ  juention.     InTWmaiHisS'giVaTO.,  •«0\."-iiv. 
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p.  M8,  are  these  words  :  "  Silver  is  pr»;ipitaled  from  this  salt  bjf 
mostmetnb,  especially  by  tnercury  and  copper,  which  at  tkesmai 
time  combine  with  it.  In  Aikin'e  Cliemical  Dictionary,  it  is  wid 
tiiai  al)  the  silver  cannot  be  piecipiiated  by  cnpper.  Cramer's 
Docimasia,  a  good  authority  oo  this  subject,  states,  ilmi  silver  {ire- 
ciptated  by  copper  reinins  between  -^  aod  ^  part  of  the  precifH- 
tant  wbich  he  proposes  to  remove  by  fusion  with  a  little  nitre,  ts 
Ukely  a  meiliod  as  the  action  of  ammonia,  which  might  pussibly 
form  the  fulminating  annnooiuret.  Mr.  D,  will  perh^  f^plji  tl^t 
ammonia  has  no  action  on  meiiillic  silver,  neither  has  dilnte  mu- 
riatic acid,  as  is  generally  suppose<] ;  yet  1  Sod  that  it  aco  on  siWflr 
thrown  (loivn  by  proto-sulphale  of  iron.  At  all  events,  the  eitpeiM 
of  airraonia  would  be  more  iban  the  value  of  the  silver  lost  intha 
reduction  of  luna  cornea.  Fourcroy  proposes,  in  his  Syslenie,  Id 
remove  the  adhering  cupper  by  cupelkiion ;  but  it  would  be  tedioui 
to  nitme  the  others  who  could  be  brought  forward  to  support  ok, 
Benhullet  obviously  did  not  attempt  to  ascertain  the  quantity  of 
cupper,  bCit  was  satisfied  with  its  presence.  From  an  expefitncPt 
which  I  made  long  ago,  and  which  can  easily  be  triedj  1  imag^ 
that  there  is  a  considerable  afiiniiy  between  the  two  metals.  I  ex- 
posed to  heat,  per  se,  the  precipitate  by  carbonate  of  soda  froinil 
solution  of  standard  silver,  expecting  that  as  (his  metal  is  redactblfl 
without  the  addition  of  charcoal,  I  should  obtain  it  free  from  iH 
alloy.  But  I  found  that  the  button  contained  copper.  Now  unleJi 
we  suppose  that  carbonic  oxide  found  its  way  through  the  luting  of 
the  crucible,  the  latter  metal  must  have  been  reduced  by  the  afBiiiiy 
of  the  silver.  For  these  reasons  1  question  the  process  of  Mr.  D., 
and  think  I  can  account  for  his  mistake.  The  first  portions  which 
fall  down  are,  as  I  have  often  observed,  and  as  Cramer  also  men- 
tions, much  purer  than  the  latter;  and  it  is  possible  that  he  espe* 
rimented  on  some  of  the  former.  However  this  may  be,  1  protett 
against  the  right  of  any  man  exclaiming  against  an  examination  of 
his  experiments  even  by  conjecture.  Whoever  applies  the  scale  of 
equivalents  to  Kirwan's  table  of  salts,  will  distrust  Mr.  D. :  and  It 
is  amusing  to  hear  a  man  talking  of  politeness  who  denies,  without 
any  ceremony,  the  assertions  of  Davy  and  Wollaston. 

BaHln,  Oel.S,  1816.  M.   B. 

XI.  Analog!/  ^^'"'^^^  ^'''^  Kidneys  and  Testicles.    By  Dr.  Crois. 

(To  Dr.  Thomson.) 
EIR,  aiaigiia,   Srpt.  9,  1S16. 

From  the  original  propinquity  of  the  kidneys  to  the  testicles; 
from  the  venal  and  spermatic  artery  so  often  coming  out  of  the 
aorta  in  one  trunk  ;  from  the  venal  plexus  of  nerves  sending  down- 
wards to  the  testicles  one  or  more  Kllcts ;  and  from  the  intimate 
connexion  in  structure  between  the  urinary  and  the  genital  appa- 
ratus ;  may  we  not  legitimately  presume  that  there  is  aUo  between 
them  a  couuexioa  in  I'uaccioai    ftjid,  since  the  genital  is  a  pcim 
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or  fundamental  ftinctioh  in  the  anitnel  efonomy^  that  the  urinary 
secretion  is  subservient  to  the  business  of  generation  ?'  h  '  not  this 
conjecture  supported  by  the  trim  of  the  generative  functionr  being 
so  proportional  to  the  urinary  secretion ;  by  those  substances  which 
excite  urinary  secretion  stirring  up  at  the  same  time  the  generative 
ametites  and  powers ;  by  morbidity  of  urinary  secretion  being 
always  accompanied  by  morbidity  of  the  generative  function;  witness 
the  concomitant  want  of  urea  and  of  sexual  desire  in  diabetes :  and 
1  had  almost  subjoined,  is  not  the  above  conjecture  supported  by  the 
long  strings  of  rules — thQ  result,  without  doubt,  ot  more  or  less 
experience — which  have  been  so  confidently  laid  down  by  old  me- 
dical authors  for  ascertaining  the  procreative  powers  from  the  qua- 
lities of  the  urine  ? 

I  remain^  Sir,  most  respectfully. 

Your  most  obedient  servant, 

John  Cross. 

XII.  State  of  the  Wheat  in  the  County  of  Edinburgh*    In  a  letter 

from  the  Rev.  Dr.  Grierson. 

(To  Dr.  Thiirason.) 
MY  DEAR  SIR,  Marine  of  Cockpen,  Sept.  20,  1816. 

We  have  an  alarming  season.  A  scarcity  we  look  upon  here  as' 
quite  certain,  if  not  something  worse  than  a  scarcity.  In  this  parish 
two  or  three  small  patches  of  barley  have  been  cut,  but  no  wheat 
nor  oats.  Indeed,  by  far  the  greater  part  of  these  two  latter  have 
scarcely  yet  begun  to  colour.  My  friend  and  neighbour,  Mr. 
Withersppon  (one  of  our  great  farmers),  and  I,  made  an  experi- 
ment yesterday  to  estimate  as  nearly  as  we  could  the  quality  of  the 
wheat  6n  his  farm.  He  blindfolded  himself,  and  then  went  into 
one  of  his  wheat-fields  that  had  been  sown  after  beans,  and  plucked 
six  cars  of  wheat.  He  did  the  same  thing  in  a  field  after  fallow.; 
and  also  in  one  after  potatoes.  We  found  in  the  six  ears  after  beans 
163  sound  grains,  and  only  24  diseased  or  blighted ;  in  the  six  ears 
after  fallow,  102  grains  sound,  and  54  unsound  or  blighted ;  and,' 
shocking  to  state,  in  the  six  after  potatoes,  we  found  only  30  grains 
having  any  thing  in  them  at  all,  and  even  these  far  from  maiketable 
grain*  To  that  in  the  field  after  beans  the  sound  to  the  unsound  is 
as  163  to  24 ;  after  fallow,  as  102  to  54  ;  and  after  potatoes  as  30 
to  150! 

The  general  result  is,  the  diseased  grains  in  the  whole  18  heads 
are  1 98,  and  the  sound  ones  493,  or  as  1  to  2^  neariy. 

I  am,  with  great  esteem  and  regard. 

My  dear  Sir,  yours  most  faithfully, 

James  Gri£RSon. 

. 

XIII.  Congelation  of  Oil  by  Dilute  f^*^^  ^nii. 

W.  H.  will  be  particulariy  obliged  by  "-d  -"HT-or 
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one  of  his  chemical  readers,  explaining  the  process  of  congealing 

antmal  oil  by  diluted  niiric  acid. 

1  do  not  recollect  having  tried  (he  experlmeQt  with  animal  oil, 
thoujili  I  am  not  aware  of  any  reason  why  it  should  not  succerd 
with  animal  as  well  as  vegetable  oil.  I  have  made  it  very  ofim 
with  olive  oil,  without  ever  filing.  My  method  was  this  :— Pot 
into  a  wine-glass  nitric  acid  diluted  with  about  10  parts  of  water, 
and  coverthe  snrlace  of  the  liquid  with  a  liiin  coat  of  olive  oiL  Put 
the  }jlas9  in  a  window,  and  allow  it  to  remaiu  cxpotied  10  the  ligiit 
for  three  or  four  days.  If  at  the  expiration  of  this  time  the  oil  iias 
not  begun  to  assume  a  tallowy  appearance,  add  «  little  tiiore  nitric 
acid,  "nd  replace  the  glass.  If  this  second  addition  of  nitric  adi 
be  not  sufh.cieiit,  a  third  portion  mity  be  added.  But  it  is  only 
w3ken  thp  actd  is  very  weak  that  such  additions  are  necessary.— T.' 


;     I  ;";'■  I  ^AtiiciE  XI.  ';^H 

f^eur   Patents.  ''[ 

Geohsb  DoDfisON,  of  St.  I'aul's,  Shadwell,  pump  aad.engtne 
manofacturer ;  for  a  method  of  simplifying  and  improving  the 
coqstnictiDD  of  extinguishing  engines,  and  forcing  pumps.    Nij 

,,Isiic  HADLEy  Reddell,  of  Orange-court,  Lcicester-cquue, 
engineer;  for  certain  improvements  in  or  on  the  means  of  tightiag 
the  interior  of  offices,  theatres,  buildings,  houses,  or  say  places 
where  light  may  he  required.     May  27,  iai6. 

RoRBnT  Kemp,  jun.  of  Cork,  smith  and  bras*  founder;  fftfan 
improvement  oriimprovements  in  the  art  of  makitig  or  jnanuEu- 
tunng  cocks;and  keys.     May  27,   IBItj. 

jAMits  Hbathcoatb,  of  Loughborough,  lace  manufaettJrer ;  for 
certain  improvements  upon  a  machine  or  miichinery  already  in  oK 
for'.makinghoslecy  or  frame  work  knitted,  commonly  called  s 
stocking  fra^e.     JUay  SO,'  l»i6. 

JojiN  Ransome,, of  Ipswich,  Ironmonger;  for  certain  improve- 
ments on  ploughs.    'Junel,   ISI6. 

llViLLiAM  SiiANi),  of  Villiers-street,  Strand,  artifioi^l  linil' 
m^kef;  fM'.cirtaiii  improvements  in  the  construction  of  irlificiil 
lejp  and  feet,  tjiade  of  leather  and  wood,  acting  by  aleverud 
spi^sprtng:— June  1,    1«I6. 

John  PcfcLBRTON,    of   Upper  Bed  ford- place,    Russel-squaWi 
Esq.;  for  various  improi-eineiits  in  beacon  buoys,  which  improre- 
nipi!taar;E.appli9ab]e  tfl other  useful  purposes.     Junc.ll,  18l6.,_i 
.; JiioWAKB  :t.ieHT,  of  Fojey-pluce,  Murylebooe,  [JTofesMWof  inUMCV 
for  certaiit'ifftpTOvtmEnrsGn  the  insirumept- knowB  by  tte  tteactlt   , 
the  Imp  hue,     Jot\e  IS,  LttHi. 
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R£MARKS. 

Ninth  Month.  —  14.  The  sky  overcast  with  numerous  beds  of  Cimamvlw, 
which  at  suo-setcbaBged  to  ChrottratuSy  and  became  red.  15.  a.  m.  An  electrical 
smell :  much  dew :  there  ar  ^'to  have  been  a  Stratus  in  the  night :  serene  day. 
16,  Much  dew:  large  pit  ''irti:  very  fine.      17.   Much  dew:  misty:  ine 

day  :  in  the  evening  «  so  j  ^umulus  cloud  in  the  W.  spired  np  to  Inosculate 
with  a  CirrosiraiMt  abo\  .  .  a  Stratus  at  the  same  time  appearing  in  the  meadows 
nearer  to  ne :  several  dischargeg  of  lightning  in  the  N.  W.  followed  these  appear- 
ances :  the  barometer,  which  had  fallen  a  little,  now  risiag.  19,  OvercMt  day: 
a  little  rain  perceptitiie  in  the  evening.  19.  Fair,  with  a  grey  sky,  and  a  feir 
distinct  Cirrostrail  •  leatb.  20.  Grey  sky,  a.  m. :  then  sunshine,  with  a  breese. 
21.  Cloudy,  a.m. :  some  dripping  at  mid-day:  fair  evening.  82.  Cloudy,  ii 
different   modifications.     S^.   Showers:    breeze  at  S.  E.  evening:   misty  air. 

25.  Misiy   to   S. :  fair,  with  Cumuhu  beneath  Cirrocuntulus :  a  Stratus  at  nigbt.. 

26.  Various  modifications  of  doad :  some  rain  in  die  night.   27.  Cumulus  beseatli  , 
Cirrocwmulus,    28.  Cloudy  morning,  the  wind  increasing  from  the  westward: 
rain,  mid-day ;  fair  evening.    29.  Wet  morning:  much  wind  at  S.  tHl  evenii^i 
stormy  night.    SO.  Fair,  with  Cirrostratus:  much  wind  in  thenigbt. 

Tenth  Month, — 1.  Wet  morning:  much  wind:  lunar  halo  at  night.    2.  Aplei- 
tiftil  dew:   cloudy  afterwards,  with  tiuch  wind:    drizsling  rain  at  interfahp 

3.  Cloudy,  a.  m. :  wind  N.:    drizzling:   in  the  night  easterly,  with  misty  air. 

4.  Overcast:  small  rain.  5.  Fair.  6.  Misty  momiug:  much  dew:  Grroeumiu 
in  the  superior  Stratum,  as  for  some  days  past  at  intervals  :  rain,  p.  m.  and  niglit. 
7.  At  20  minutes  before  one  this  morning  a  loud  explosion  of  electricity,  wbidi 
kept  the  ground  in  a  sensible  tremor  for  several  seconds :  it  was  followed  by 
thunder  in  long  peals,  and  vivid  lightning  to  the  south  and  east  for  above  an  boor: 
also  by  much  wind  and  rain :  the  day  was  cloudy  and  drizzling  after.  8.  Fair: 
mostly  cloudy:  Stratus,  9.  Cloudy:  breeze  at  E. :  large  Cirri:  a  few  dfopsof 
rain :  a  well-formed  mushroom  was  brought  me,  which  measured  12  inehes  over 
the  crown,  and  weighed  20  oz.  10.  CirrecantuZu^ above  Cumulus:  c^Im.  11.  Fur, 
Kave  a  few  drops.     12.  Cloudy.     13.  Cloudy:  breeze.  I 


RESULTS. 
Winds    Variable. 

Barometer  :  Greatest  height 30*12  inches; 

Least  , 29*32 

Mean  of  the  period    29*840. 

Thermometer :  Greatest  height .' 74® 

Least 39 

Mean  of  the  period 55*9 

Mean  of  the  Hygrometer  at  9  a.  m 69^ 

Rain 2*35  inches. 

TaTTENHAM,  Tenth  Month,  14,  1816.  h,  HOWARD^ 
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Article  I, 


iBiagraphical  Account  of  Dr.  A.  JF.  Geklen,  Member  of  the  Rtyyal 

Academy  of  Sciences  of  Bavaria.^ 

AdOLPH  FERDINAND  GEHLEN  was  born  in  the  town  of 
Batow^  in  Prussian  Pomerania,  on  Sept.  25,  1775.  His  father 
possessed  a  considerable  apothecary's  shop,  which  at  present  is  oc-« 
Copied  by  his  brother,  and  where  he  comn)enced  his  first  chemical 
ittidies.  His  father  was  likewise  a  landholder,  and  gave  up  the* 
Aianageihent  of  the  laboratory  to  his  son  from  a  very  early  periods 
This  made  him  speedily  master  of  the  processes,  and  was  the  foun-* 
dation  of  the  progress  in  the  science  which  he  afterwards  made. 
Indeed^  if  we  consider  the  shortness  of  his  life,  and  the  great  ad-^ 
vances  in  science  which  he  had  made,  we  must  admit  that  his  in- 
dustry was  uncommon,  and  that  his  views  were  principally  directed 
towards  the  good  of  society. 

After  having  acquired  the  elements  of  the  learned  languages  in  . 
tbe  school  belonging  to  the  place  of  his  birth,  he  removed  to 
Konigsberg,  in  Prussia,  and  there  continued  the  study  of  pharmacy 
under  that  celebrated  chemist  the  learned  apothecary  Hagen.  Here 
he  attended  for  three  vears  the  different  classes  of  that  eminent 
-university,  and  to  his  chemical  studies  he  united  those  of  natural 
history  and  of  languages.  So  great^  indeed,  was  his  progress  in 
these,  that  he  carried  on  a  scientific  correspondence  in  seven  living 
languages  with  the  most  celebrated  men  in  the  different  countries 
of  Europe.  The  small-pox  had  considerably  injured  his  powers  of 
hearing;  and  though  his  invincible  industr  him  to  over" 
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come  the  obstacles  which  this  defect  threw  in  his  way,  we  canoK 
but  acknowledge  that  his  ilcat'ness  rendered  the  great  knowledge 
which  he  acquired  so  much  the  more  wonderful. 

After  having  obtained  the  degree  of  Doctor  of  Physic,  he  betook 
himself  to  Berlin,  and,  connecting  himself  with  Klaproth,  one  of 
the  first  scientific  men  of  his  time,  he  continued  to  make  still  fur- 
ther progress  in  his  chemical  studies.  Though  his  writings  bad 
already  given  considerable  celebrity  to  his  name,  his  extraordlnniy 
worth  was  known  only  to  (hose  who,  from  personal  letercourse,  were 
witnesses  of  the  precision  of  his  researches,  and  to  those  who  were 
in  the  habit  of  corresponding  with  him.  But  so  general  was  the 
perception  of  the  utility  of  this  correspondence,  that  he  was  sooB 
raised  to  the  first  rank  among  German  chemists. 

While  employed  at  Halle  in  teaching  with  reputation  the  theory 
and  practice  of  chemistry  in  the  Institute  established  by  the  Priyy 
Counsellor  Heil,  the  proposal  was  made  him  to  go  to  Munich  asa 
Member  of  the  Royal  Academy  of  Sciences.  The  Society  acquired 
in  him  one  of  its  most  useful  members.  It  Is  true  that,  in  conse- 
quence  of  the  unsettled  slate  of  the  times,  it  was  not  possible  for 
him  to  obtain  a  proper  laboratory ;  but  he  made  the  greatest  sacri- 
fices to  accomplish  his  objects,  and  his  whole  house  was  devoted  to 
the  purposes  of  science.  The  coniribulions  which  he  made  to  [he 
publications  of  the  Academy,  important  as  they  are,  enable  us  to 
make  but  a  very  incomplete  estimate  of  bis  iodtfatigable  sciemiGc 
exertions.  Tire  ciperimenls  and  observations  which,  by  the  rojaJ 
Kgulations,  fell  under  the  charge  of  the  Society  during  bis  time, 
belonged  mostly  to  the  department  of  science  which  be  representei 
The  great  alacrity  with  which  he  undertook  them  procured  him  not 
only  the  universal  respect  of  bis  colleagues,  but  likewise  repealed 
expressions  of  satisfaction  from  our  most  benevolent  King- 
He  resigned  a  situation  which  he  had  filled  for  three  years  witfc 
considerable  profit  in  the  University  of  Breslau,  because  be  had  re- 
moved to  Bavaria,  and  taken  up  his  residence  in  Munich ;  and 
hopes  were  held  out  to  him  that  a  laboratory  would  be  speedily 
built,  and  properly  accommodated  for  his  most  useful  investi^tioDi. 
Oil  account  of  his  health,  wliich  was  always  weak,  and  which  W 
been  injured  by  his  indefatigable  esertions,  he  repaired  for  two  suc- 
cessive years  to  the  mineral  wells  at  Baden,  near  Vienna,  and  wai 
at  tlie  same  time  invited  by  chcntists  to  repeat  his  important  «(«- 
riinents  on  a  large  scale  at  the  Imperial  Glass  Works.  The  Imperial 
Government  was  sensible  of  the  imjiortance  of  his  labours  ;  and  ibe 
King  of  Bavaria  testified  his  sense  of  his  services,  not  barely  by  lie 
most  honourable  outward  marks,  but  by  giving  orders  to  begin  the 
building  of  his  laboratory,  so  necessary  for  enabling  him  to  couiinue 
his  exertions  without  Interruption,  at  a  lime  when  the  kingdom  was 
in  a  state  of  distress  from  the  unparalleled  exertions  which  had  re- 
cently been  made.  .,,.,,  J 
Rejoicing  in  the  near  accomplishment  of  the  wisli  which  be,  U| 
411  who  were  caphW  oi  ciU\a*\w^  \.V\ii  ia\5ortauce  of  the  ■"■'■" 
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Iiad  io  long  formed,  he  found  himself  actuated  by  ifew  Vigour,  and 
resolved  speedily  to  undertake  several  scientific  and  practical  objects 
which  he  had  long  had  in  view.  His  purpose  was,  after  another 
visit  to  the  baths,  which  were  considered  as  beneficial  to  him^  to  coa<* 
secrate  his  new  abode,  as  a  mark  of  the  higli  estimation  in  which 
he  held  the  Bavarian  Government,  for  the  advantage  of  science, 
and  of  the  kingdom  in  which  he  lived,  to  exert  himself  with  greater 
activity  than  ever,  and  to  devote  the  whole  of  his  life  to  the  im^ 
portant  pursuits  of  his  own  science. 

He  had  been  employed  for  some  weeks  in  an  important  set  of 
experiments  on  the  alloys  of  the  metals  with  arsenic ;  and  this  oc;* 
casioned  the  unfortunate  accident  which,  in  consequence  of  his 
preparing  and  breathing  only  a  comparatively  small  quantity  of 
poisonous  gas,  put  an  end  to  his  life  on  July  15,  1615,  at  mid-day^ 
after  suffering  dreadfully  for  19  days.  The  hopes  entertained  of 
restoring  his  health  by  the  skill  and  friendship  of  his  medical  attend^* 
ants  were  unfortunately  disappointed.  The  news  of  his  death  was 
received  by  every  person  with  the  roost  deep-felt  regret,  which 
manifested  itself  publicly,  and  was  most  honourable  to  him. 

For  beside^  the  Institute  with  which  he  Was  associated,  many  of 
the  inhabitants  of  Bavaria  became  gradually  witnesses  of  his  useful 
exertions.  The  Agricultural  Society,  whose  important  objects  he 
promoted  to  the  utmost  of  his  power,  possessed  in  him,  ever  since 
Its  institution,  one  of  its  most  valuable  members.  The  Society  of 
Apothecaries  in  the  kingdom,  which  already  has  done  so  much,  and  , 
which  promises  so  much  good,  reckoned  him  among  its  founders 
and  most  zealous  promoters.  And  how  many  learned  men,  artists^ 
and  trades-people,  are  there  who  applied  to  him  as  to  a  consummate 
master  in  the  preparation  of  medicines,  of  colours,  and  other  similar 
things,  and  who  have  to  thank  him  for  his  useful  assiduity  1 

How  much  honesty,  how  many  hopes,  how  much  virtue,  lie  in 
his  tomb  1  A  thoroughly  upright  character,  which  appeared  in  his 
noble  countenance,  by  whom  truth  was  prized  above  everything— 
the  highest  sincerity  in  his  manner  of  living  and  in  his  science—* 
manly  courage  in  opposing  trick  arid  deceit — strict  sobriety — the 
fear  of  God,  and  benevolence  towards  man — the  utmost  disin- 
terestedness of  conduct  —  the  most  zealous  attachment  to  his 
science,*  together  with  the  most  active  attention  to  every  thing 
that  could  improve  the  situation  of  his  countrymen — these  are 
the  case  which  encloses  his  honoured  image — the  qualities  wliich 
made  him  the  object  of  esteem  during  his  life,  and  of  regret  since 
his  death. 

His  far  distant  brothers  and  relations,  for  whom  he  felt  the  sin** 
cerest  attachment,  and  whom  he  intended  to  visit  once  more,  and 
his  numerous  scientific  friends  in  Germany,  and  other  countries, 
who  now  read  with  regret  in  the  public  papers  the  news  of  his  early 
death,  nxay  find  some  consolation  when  tJiey  are  informed  '  *"» 
his  newly  chosen  country  he  found  many  persons  who  bee 
year  more  and  more  convinced  of  his  great  worthy  ^adviW 

2  C  2 


H         melh 
f         of  tb 


I 


Biographical  Account  of 
melhoi]  of  making  him  sensible  of  their  esteem;  and  that  iheregrtt 
of  tbe  benevolent  Sovereign  of  Bavaria  followed  him  to  his  erlj 
grave.  He  is  perhaps  the  only  person  who,  (hough  solely  devoltd 
to  the  investigation  of  nature,  yet  found  himself  as  dt^eply  anil 
sincerely  regretted  as  if  he  had  died  amid  the  circle  of  his  own  k-  J 
UtioQs.     Honour  to  liis  memory. 


Appendix. 

The  preceding  panegyric  was  read  over  the  grave  of  Gehlen  wtea 
he  was  interred,  at  Munich,  on  July  18,  1815.  It  takes  no  notice 
of  his  writings  and  chemical  discoveries.  Perhaps  it  may  be  gratify- 
ing to  the  English  reader  if  I  subjoin  a  list  of  such  of  them  a  I 
have  had  an  opportunity  of  perusing. — T. 

In  the  year  1803,  when  he  was  28  years  of  age,  he  became  tlw 
editor  of  a  chemical  journal,  published  monthly  at  Berlin,  anden- 
tilled  Neues  AUgemeines  Journal  der  Cliemie.  He  continued  to 
publish  this  journal  till  1806,  when  he  changed  its  title  to  Journal 
fur  die  Chemie  und  Physik,  probably  finding  that  chemistry  atone 
was  too  narrow  a  field  for  a  monthly  journal.  This  new  series  coa- 
tinued  till  the  end  of  the  year  ISIO,  when  it  was  stopped,  and 
Professor  Schweigger,  at  Nornhcrg,  began  another  journal  in  iti 
place.  The  first  scries  of  Gehlen's  journal  contains  six  volumes,' 
the  second,  nine.  It  would  be  impossible  to  noriee  every  thing 
written  by  the  editor  of  such  a  journal,  in  a  series  of  1 5  voluouj 
but  I  shall  give  a  list  of  the  papers  to  which  he  affixed  his  name:— 

1.  On  the  Preservation  of  Hops  for  brewing.  The  hops  were 
put  into  a  copper  still  with  water,  and  a  sufhclenl  quantity  of  ihe 
liquid  was  distilled  off'.  A  brownish  red  oil  was  obtained,  wbicb 
possessed  the  peculiar  flavour  of  hops.  The  hops  were  now  repwl- 
edly  boiled  in  water,  and,  the  water  being  evaporated  to  dryness, 
an  extract  was  obtained.  The  oil,  being  triturated  with  sugar,  vu 
mixed  with  the  extract.  This  extract  was  found  to  answer  ihepnt- 
pose  of  hops  when  added  to  beer.     Vol.  i.  p.  665, 

2.  On  preparing  Spirits  from  Potatoes.     Ibid.  p.  66/. 

3.  On  native  Alumina  from  Halle.     Ibid.  p.  67I. 

4.  Remarks  on  Ethers,  particularly  on  the  Muriatic  Ether  vf 
Basse.  Vol.  li.  p.  20G. — This  is  a  curious  paper,  and  contaiiS 
many  focts  afterwards  published  by  Thenard  as  new  discoveries. 

5.  On  Fluoric  Ether.     Ibid.  p.  351. 

6.  On  the  Quantity  of  Chromium  in  different  Minerals.  Ibid. 
p.  687. 

7.  On  the  Changes  of  Colour  which  Metalline  Muriates  dissohfn 
in  Ether  undergo  when  exposed  to  the  Sun's  Rays.    Ibid.  p.  5CC. 

8.  Supplement  to  Thomson's  Paper  on  the  Oxides  of  Lesd- 
Vol.  iv.  p.  112. 

9.  Description  of  an  Improvement  iu  the  Pneumatic  Af^vMlfK: 
in  oxder  to  prevent  Absoiptlon.    Vol.  v.  p.  124. 
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10.  Some  Remarks  on  Palladium.    Ibid.  p.  234. 

1 1.  On  Acetic  Etl^er^  Basse's  Muriatic  Ether^  and  the  Relation 
of  the  Acidity  of  Vinegar  to  its  Specific  Gravity.    Ibid.  p.  689.    '•■■ 

12.  On  Crucibles.  Vol.  vi.  p.  llh— 'He  proposes  to  mako 
crucibles  of  steatite,  and  describes  some  trials  of  such  crucibles. 

13.  On  the  Action  of  Muriatic  Acid  Gas  on  Oil  of  Turpentine^ 
and  the  Camphor  made  by  that  Process.    Ibid.  p.  458. 

14.  Improvement  in  the  Apparatus  for  extricating  Gas  by  Solu* 
lion.     Ibid.  p.  505. 

15.  On  the  Fusibility  of  Caustic  Barytes.  By  Bucholz  and 
Crchlen.  Journal  fiir  de  Chemie,  Physik,  iind  Miiiemlogie, 
toh  iv.  p.  268. 

"    16.  Experiments  on  Artificial  Iron  Pyrites  and  Magnetic  Pyrites. 
By  Bucholz  and  Gehlen.     Ibid.  p.  291. 

17*  Observations  and  Proposals  respecting  the  Preparation  of 
Sulpliuric  Acid  from  Sulphur.     Ibid.  p.  489. 

18.  Observations  on  the  Oil  obtained  when  Spirits  from  Grain 
are  burnt.    Schweigger's  Journal,  vol.  i.  p.  277* 

19.  Some  Remarks  on  the  Change  of  Felspar  into  Porcelain 
Earth.    Ibid.  p.  447« 

,    20.  Contributions  towards  a  scientific  Foundation  to  the  Art  of 
Glass  Making.    Ibi^.  vol.  ii,  p.  88. 

21.  Analysis  of  some  Mineral  with  Remarks  upon  the  Mode  of 
Analysing  Stones.    Ibid.  vol.  iii.  p.  171« 

22.  Experiments  establishing  the  peculiar  Nature  of  Formic 
Acid.    Ibid.  vol.  iv.  p.  1. 

23.  On  Starch  Sugar.    Ibid.  vol.  v.*  p.  32. 

24.  On  Salzburg  Vitriol.    Ibid.  n.  333. 

25.  On  obtaining  Indigo  from  WoaS.    Ibid.  vol.  vi.  p.  1. 

96.  Alteration  produced  on  Sugar  of  Milk  by  Sulpnuric  Acid; 
Ibid.  p.  115. 

27.  On 'the  Gilding  of  Steel  the  motst  Way.    Ibid.  p.  II7. 
'   28'.  On  ine  Strontian  in  Arragonite.    Ibid.  vol.  x.  p.  135. 

!iS9.  On  the  £llectro-Chemical  3ystem.    Ibid.  vol.  xii.  p,  403» 
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Article   II. 

Ohservat'iom  on  the  T'tre-Damp  of  Coal-Mines,  with  a  Plan  for 
LishCtng  Mines  so  as  to  irjiard  agaifiit  Us  Explosion,  By  John 
Murray,  M.D.  F.R.S.t:.  &c.» 

(With  a  Plate.     See  No.  for  November.) 
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[It  may  he  proper,  from  circnniitnnceB,  In  mcalion,  that  thii  p&pcr  ii  prinird 
in  (he  lest  riacti}  as  il  mas  read,  1  have  added  a  few  notes  (rwd  liefiifelbo 
Snciely  al  a  bvbsequcDl  oiHliDg),  cjplanator]'  of  the  plan,  or  cucnected  ttltb 
the  Bubjecu] 

Explosions  in  mines  from  the  kindling  of  the  inflammable  gus, 
called  fire-damp  by  the  miners,  have  always  occasionally  occuetci). 
Of  late  they  have  become  more  frequent  in  some  of  ilic  coal-mioes 
in  this  country,  particularly  those  in  the  districts  of  the  Tyoe  anil 
the  Wear,  in  the  North  of  England,  and  have  been  attended  witli 
such  fatal  consequences  as  to  have  forcibly  called  public  aiteatioa  to 
the  subjeci.  In  »n  explosion  in  one  mine,  about  two  years  ago,  92 
persons  were  killed;  in  another,  which  occiirred  soon  after,  32  tost 
their  lives;  in  one  which  happened  within  these  few  months,  S? 
persons  were  destroyed;  and  recently  it  has  been  affirmed  (hat 
several  hundred  lives  are  lost  annually  from  this  cause.  From  the 
state  of  the  mines,  particularly  in  the  accumulation  of  wastes,  tlie 
collection  of  water,  and  the  increasing  depth  of  the  workings,  there 
is  reason  to  fear,  too,  that  such  accidents  will  become  more  fre- 
quent. Humanity  loudly  calls,  therefore,  on  every  effort  being 
made  to  obviate  the  calamity ;  and  even  as  a  national  concern,  llie 
immense  loss  of  property  in  the  mines,  and  the  probability  wbich 
has  been  anggested  that  the  working  of  them  niusi  ere  long  be 
abandoned,  give  to  the  subject  the  highest  claims  to  consideration. 

I  Imve  tosubmtt  to  the  Society  the  account  of  a  method  whidi 
has  occurred  to  me  of  lighting  mmes,  not  liable,  like  the  cojDiuoi 
method,  to  the  risk  of  kindling  t1is  fire  gas,  and  which  1  trust  nay 
go  far  to  obviate  these  unhappy  occurrences.  + 

The  inflammable  gas  which  is  disengaged  in  coal-mines,  it  u 
well  known,  is  carbureted  hydrogen.  In  some  situations  it  is  miicb 
more  abundant  than  in  others.    It  has  been  supposed  to  be  produced 

*  From  tlie  TranBactions  of  llie  Royal  Society  of  Edinborgh, 
+  The  production  of  ete-dani|i  is'mocli  lea.  considerable  io  the  Scotch  mI- 
lierieB  Iban  io  those  of  the  went  or  llie  nurth  of  England.  )i  tvould  be  imparlint 
to  diecoter  (he  cause  of  Ms,  but  it  is  not  very  obvious.  Prababl}  it  arites  from 
the  sotallcr  scale  oa  nhich  Itiey  are  wrought.  lu  Eome  of  them,  however,  it  i"" 
occur,  though  in  quantities  not  so  considcralric  but  ihnt  it  i«  usually  carried  offllj 
the  common  mode  of  vcnlilalinn,  or  by  lirinic  il  as  il  Iiegins  to  arcnmulale.  Il 
the  mines  in  Ayrshire  il  is  the  practice  Io  fire  il  daily.  Within  thesis  feJv  y»n. 
expIosiooB  from  il  have  in  diflereol  cases  been  produciive  of  fatal  accidents ;  sen* 
of  Ihem,  especially  ia  (he  mines  in  West  Lothian  and  Slirlinsehire,  to  a  coniidrr- 
able  Mtcnt, 
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from  the  decomposition  of  water  by  coal,  and|  in  particular,  from 
the  waste  coal  m  the  old  workings,  exposed  to  the  action  of 
humidity.  It  is  possible  that  much  of  it  may  be  from  this  source ; 
and  the  fact  that  it  is  most  abundant  in  deep  mines,  where  such 
wastes  accumulate,  is  favourable  to  the  opinion.  This  is  not  always, 
liowcver,  its  origin.  Much  of  it  is  disengaged  from  the  solid  coal 
as  it  is  w<Miied,  and  the  surface  of  the  wall  of  coal  often  continues 
to  yield  it  from  pores  or  fissures  for  weeks  or  montlis.  It  often,  too, 
rushes  suddenly,  with  great  velocity,  and  in  large  quantities,  from 
rents  in  the  incumbent  strata,  or  from  vacuities  within  the  mass  of 
coal,  in  which  it  is  pent  up,  apparently  in  a  state  of  compression.  . 
The  greatness  of  the  mass  of  coal  confining  the  gas  more  efiectually. 
Of  favouring  the  compression  with  which  it  is  retained,  may  be  the 
cause  why  it  is  more  abundant  in  deep  mines.  Still,  from  whatever 
source  it  may  be  extricated,  if  the  fact  be  correctly  stated,  that  it 
has  always  an  intermixture  of  carbonic  acid,  it  is  probable  that  it  is 
io  all  cases  derived  from  the  decomposition  of  water  by  coaK*^ 

I 

*  No  questioo  cao  be  more  important  in  relation  to  the  aubject  of  the  fire* 
damp  of  mines  than  that  with  regard  to  the  causes  of  its  production.  The  facts 
slated  ill  the  text  prove  that  it  is  noi  entirely  from  the  old  wastes  that  the  ^as  is 
dia^arged,  thou|;li  they  may  afford  a  large  quantity  of  it.  Its  evolution  might  be 
considered  as  a  circumstance  in  part  connected  with  the  original  formation  ;  the 
gits  might  be  supposed  to  have  been  formed  with  the  coal,  to  be  confined  by  pres- 
sure in  its  mass,  or  its  interstices,  and  to  be  liberated  as  the  pressure  is  removed 
bjr  the  working.  The  density  of  the  mass  of  coal,  however,  can  scarcely  be  sup- 
posed  40  be  sach  as  to  have  confined  the  gas  from  its  first  consolidation,  and  it 
must,  Ibierefore,  rather  be  rc^irded  as  a  new  and  continued  production.  There 
is  JM  (Operation  from  which,  under  this  point  of  view,  it  can  be  derived  with  so- 
BUMcb  probability  as  from  the  slow  decomposition  of  water  permeating  the  coal  | 
ajid  the  coimexion  of  the  production  of  carbonic  acid  with  the  carbureted 
Jhydrogen  seeoM  io  prove  that  this  is  its  origin.  That  water  transuding  slowly 
tlvoagh  amass  of  coal,  andezisting  in  it  in  some  measure  under  pressure,  will  be 
4ccos9ipoaed,  is,  from  the  consideration  of  the  general  agency  of  water  on  car* 
lioiKioeous  substances,  extremely  probiible.  The  evolution  of  the  same  gas  from 
mSkTsliy  si^vatioas,  thiere  is  every  reason  to  believe,  depends  on  the  decomposition 
of  water  by  carbonaceous  matter ;  and  the  occurrence,  not  uufreqaent,  of  large 
iQtnsfffl  of  small  coal  accumulated  at  the  mouths  of  the  pits,  and  exposed  to 
llWP»idUy»  takijDg  fire  spontaneously  after  a  certain  time,  can  scarcely  be  ascribed 
W  wsy  OjUier  cause  tban  to  such  a  decomposition,  and  may  therefore  be  regarded  as 
a  proof  of  it.  There  are  circumstances,  too,  connected  with  the  production  of 
fiM-^lamp  which  seem  to  prove  that  this  is  its  origin.  Thus  it  does  not  occur  in  all 
to»l  winni  in  sooieit  is  abundant,  in  others  it  is  almost  unknown ;  and  this  seems 
to  ibe  considerably  dependant  on  tlie  state  of  humidity  in  the  coal.  In  the  col- 
Ueriee  ia  this  country,  for  example,  fire-damp  scarcely  ever  occurs  in  those  of  Mid 
Lothiaa ;  while  in  those  of  West  Lothian,  of  Stirlingshire,  Fife,  and  Ayrshire,  it 
is  not  an  nnfrequent  occurrence ;  sometimes  to  such  an  extentas  to  -have  been  pro- 
dactive  of  considerable  explosions,  and  in  some  of  these  mines  its  evolution  is 
nesi-ly  constant,  so  that  it  is  a  regular  practice  to  remove  it  by  firiiig  it.  I  have 
^leen  aUe  to  discover  no  cause  for  this  peculiarity,  but  the  comparative  state  of 
dryness  and  bumidity.  It  is  not  owing  entirely  to  the  depth,  for  tiiis  difSers  little. 
In  tome  of  the  mines  of  Mid  Lothian  the  depth  is  57  or  60  fathoms.  In  the 
,  Grmige  GoUiery,  in  West  Lothian,  where  na  explosion  happened  some  time,  ago, 
the  depth  is  about  50  fathoms  ;  and  in  the  Ayrshire  mines,  the  first  bed  of  coal  is 
p/L.^  depith  of  SO  fathoms  ;  i^e  second  at  a  depth  of  26  below  this;  not  deeper, 
theMfore,  than  that  of  the  Mid  Lothian  collieries,  where  the  gas  does  not  occur  ; 
mi,  further,  from  the  upper  bed  of  the  iiyri^hine  coal,  fire-damp  is  given  out  as 
abundantly  as  from'  the  lower.    But  the  collieries  of  Mid  Lothian  are  perfectly 
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It  seems  to  be  altogether  impracticable  to  prevent  the  productk»  lo 
of  this  gas.  To  decompose  or  neutralize  it  in  the  miQe  by  any  Itc 
chemical  agency,  as  has  been  suggested,  seems  to  be  equally  so.  p 
Only  two  resources  apparently  remain:  first,  to  employ  means  of 
discharging  it,  so  as  to  prevent  any  accumulation  of  it  in  hrge 
quantities;  and,  secondly,  to  guard  against  its  inflammation  io 
working  the  mine,  when,  from  circumstances  occasionally  unavoid- 
able, it  does  accumulate,  until  it  can  be  discharged. 

The  circumstance  of  explosions  from  the  firing  of  this  gas  not 
occurring  in  many  mines,  situated  even  In  districts  where^  fromjhe 
nature  of  the  coal,  the  depth  of  the  workings,  or  other  causes, 
such  occurrences  are  frequent,  seems  to  prove  that  there  is  no  neces- 
sary accumulation  of  fire-damp  in  the  mine — that  the  accumulatioQ 
does  not  so  much  take  place  from  unavoidable  deficiency  of  ventila- 
tion, as  from  accidental  obstructions  to  it  in  particular  situations,  or 
occasional  eruptions  of  the  gas  from  cavities  in  the  coal  or  its  ac- 
companying strata,  against  which  scarcely  any  system  can  effectually 
guard — that,  therefore,  the  ventilation  may  be  rendered  effective, 
and,  by  prudent  and  careful  management,  may  be  conducted  so  as 
to  carry  off  the  quantities  evolved.  In  the  Felling  Colliery,  near 
Newcastle,  in  which  the  explosion  that  destroyed  nearly  100  per* 

<)ry  ;  the  coal  being  what  are  called  edge  aeams^  that  is,  In  strata  vertical,  or 
highly  inclined,  a  disposition  which  aUows  the  water  to  pass  off  more  readily.  Ii^ 
Ayrshire  again,  at  Bor^ow^tounness,  and  at  Valleyfield,  where  there  is  the  g«oe- 
,  ration  of  fire-damp,  I  am  informed  there  is  much  water,  which  seems  eren  to  per- 
colate the  coal.  This  is  particularly  the  case  in  Ayrshire,  the  water  dropping 
from  the  wall  of  coal,  and  a  current,  or  blower  as  it  is  called,  of  fire-damp  smiie- 
t i me s  escaping  with  the  water.  The  still  greater  production  of  fire-damp  in  the 
English  mines  is  probably  owing  to  (he  mnch  larger  scale  on  which  they  are 
wrought,  and  to  the  deep  and  extensive  workings  being  favourable  to  the  collectidii 
of  water.  It  accordingly  appears,  from  the  accidents  which  have  repeatedly  ■ 
happened  from  water  bursting  into  mines,  that  it  is  accumulated  in  old  pits  and 
excavations  in  immense  quantities,  and  that  it  transudes  through  the  mass  of  coaL 
The  last  accident  which  occurred,  that  at  the  lleaton  Colliery,  in  which  TSildi- 
viduals  were  destroyed  from  the  bursting  of  water  into  the  mine,  is  a  melancholy 
proof  of  this.  These  causes,  too,  particularly  the  depth  of  the  workings,  favoilP 
the  accumulation  of  the  gas.  This  in  some  measure  accounts  for  the  accidents  froB 
explosion  having  become  more  frequent  in  these  mines,  notwithstanding  the  im- 
provements in  their  ventilation,  and  gives  some  ground  for  the  fear  that  its  acco* 
raulation  may  still  increase.  The  more  numerous  and  extensive  the  excavatiAM 
become,  it  is  justly  remarked,  in  a  pamphlet  published  by  the  Literary  and  I%i-  • 
losophical  Society  of  Newcastle,  the  greater  will  be  the  difficulty  of  guarding 
against  surrounding  wastes  filled  with  water,  or  carbureted  hydrogen,  or  carbonic 
acid  gas ;  and  when,  at  a  future  period,  it  shall  be  fonnd  necessary  to  work  the 
lo\\-er  seams  in  this  coal-field,  the  operations  of  the  miner  must  be  carried  on  under 
immense  accumulations  of  water.  If  these  views  be  just,  the  propriety  of  in- 
pressing  on  the  coal  proprietors  the  necessity  of  conducting  the  workings  on  a 
better  system  than  has  hitherto  been  followed,  will  be  obvious;  and  from  the 
apparent  indifference  of  many  of  them  on  this  subject,  the  propriety  of  legislative 
interference  to  regulate  the  economy  of  the  mines,  which  has  been  repeatedly  si^t 
gestcd,  will  scarcely  be  questioned. 

It  is  3-  curious  circumstance  that,  in  those  mines  in  which  the  fire-damp  does  o«t 
occur,  the  production  of  choak-damp,  or  carbonic  acid  gas,  is  not  unfreqnent. 
Thus  it  often  occurs  in  the  Mid  Lothian  collieries,  and  sometimes  at  oo  great 
depth.  ' 
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about  three  years  ago,  took  place,  the  mine,  it  is  stated,  wa^ 
lered  as  a  model  of  perfection  in  the  purity  of  its  air,  from 
stem  of  ventilation  ;  and  in  an  account  of  a  second  explosioa 
s  mine,  in  which  23  were  killed,  it  is  mentioned,  ^^  that  sio 
•ful  was  the  streani  of  fresh  air  in  all  the  working  parts  of  the 

that  the  candles  could  with  difficulty  be  kept  from  going  out,** 
*  that  the  persons  employed  in  it  declared  that  they  never 
^ht  in  a  pit  so  wholesome  and  pleasant."  In  another  mine^  ia 
I,  in  the  same  year,  an  explosion  took  place,  in  which  32  men 
killed,  the  general  arrangements  were  so  perfect,  that  it  was 
lered,  by  every  one  acquainted  with  the  state  of  it,  to  be  altp- 
r  free  from  danger.  These  facts  seem  to  show  that  there  is  no 
in  the  power  of  ventilation ;  and,  indeed,  it  iias  been  stated^ 
jh  practical  authority,  that  in  this  respect  no  great  improve- 
can  be  expected.*  If  these  statements  are  correct,  what  is 
pally  to  be  looked  for,  independent  of  employing  the  best 
)d  of  ventilation,  and  of  a  more  strict  attention  to  the  state  of 
ine,  in  preventing  any  partial  obstruction  to  its  operation,  is 
mode  of  security  against  the  inflammation  of  the  gas,  either 
$  discharged  from  the  fissures  of  the  coal  in  working,  or  whea 
;s  accumulate  partially,  from  causes  frequent,  though  occa- 
,  in  their  occurrence, 

far  as  can  be  learnt  from  the  circumstances  of  those  explosions 
.  have  occurred  in  the  Newcastle  and  Sunderland  mines,  the 
pal  causes  giving  rise  to  the  accumulation  of  the  inflamniiable 
ave  been  some  neglect  with  regard  to  the  means  of  ventilation 
b  as  failing  to  keep  up  the  fire  sufficiently  at  the  mouth  of  the 
ift,  or  obstructions  in  the  passages  or  in  the  old  wastes.  The 
appear  to  be  the  most  common  cause ;  parts  of  the  roof  fall 

the  old  excavations,  or,  by  a  yielding  at  the  bottom  of  the 
i  and  walls,  the  sides  of  the  passages  gradually  approach,  form- 
hat  the  miners  call  a  creep ;  sometimes,  too,  the  stoppings  and 
loors  which  direct  the  current  of  air  through  the  passages,  are 
:ted,  the  ventilation  is  either  partially  stopped  or  is  imp^ed. 
Ire-damp  gradually  accumulates,  and,  mingling  with  the  air, 

a  mixture  which  is  capable  of  exploding.  There  is  reason  to 
e,  too,  that  in  some  cases  the  accident  has  arisen  from  the 
n  discharge  of  the  gas  from  fissures  in  the  strata,  or  from  the 
ng  of  a  cavity  in  the  mass  of  coal  in  which  it  had  been  con- 
;  it  often  takes  fire  at  the  candles  of  the  miners,  when  dis- 
ed  in  this  way ;  is  sometimes  discharged  in  large  quantity  with 
reatest  violence;  and  if  intermingled  with  a  rapid  current  of 
pheric  air,  the  inflammation  may  increase  in  rapidity  to  an 
jion. 

s  obvious  that  attention  to  these  circumstances  is  of  the  first 
tance ;  and,  so  far  as  improvements  in^  the  system  of  the 

in  that  respect -are  practicabte,  their  propriety  cannot  be 
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questioneil.  As  it  appears,  liowever,  that  there  are  some  cime 
which  can  scarcely  be  trSbclually  obviated;  and  as  the  utmost  atleo- 
lion  which  can  reasonably  be  expected  seems,  under  tlie  circuo- 
stances  of  the  mines,  and  the  constant  generation  of  the  eDonDoa 
qtianiities  of  gas  which  tiiey  yield,  to  be  insuflicient  for  perfect 
security,  the  Imporiance  becomes  evident  of  kontc  mode  of  lighting 
being  devised,  which  should  guard  against  the  firing  from  the  large 
discharge,  or  occasional  accnmulation  of  the  inflammable  air,  wlule 
«l  the  same  lime  the  danger  should  be  indicated,  so  that  the  nece*- 
SBTj'  me.nns  to  remove  it  might  be  employed. 

No  difficult  or  complicated  method  can  lie  expected  to  succeed. 
Any  method,  to  be  euccessful,  must  be  simple,  easy  of  executios 
and  of  use,  and  not  too  expensive.  That  which  1  tmve  now  to  ei- 
.plain  will  be  found,  1  trust,  possessed  of  these  advantages. 

Th(^  facts  on  which  it  is  in  a  great  measure  founded  are,  tbal  the 
ioSammable  gas  accumulates  in  the  roof  of  the  mine;  that  it  if 
fired,  in  the  usunl  mode  of  lighting,  bej'ore  the  mixture  of  itffilh 
the  atmospheric  air  tills  the  mine,  or  that  part  of  it  in  which  th( 
accumulation  is  taking  place;  and  that  it  cannot  fill  it  while  the 
mine  is  worked,  as  the  respiration  of  the  norkoien  would  be  pb- 
viously  afiected.  The  miner  works  with  his  candle  or  lamp  at« 
certain  elevation,  occasionally  movitig  with  it;  and  thus  when  the 
fire-damp  has  accumulated  so  far  aj  to  till  a  considerable  part  of  the 
loof,  the  accidental  approudi  of  the  lump,  or  some  concussioa 
throwing  the  gas  downwards,  so  as  to  bring  it  into  ctmtact  with  (ke 
flame,  sets  it  on  fire.  In  one  of  the  cKplosions,  for  example,  within 
tliese  two  years,  that  of  the  Hall  Pit,  near  Sonderlaod,  in  whieh 
32  men  were  killed,  the  explosion  was  supposed  to  have  been  oca- 
stoned  by  the  fall  of  a  stone  from  the  roof,  which  carried  (be  in&ai- 
mahle  uir  whh  it,  so  as  to  bring  it  into  contact  with  the  pitmeD't 
candles;  and  this  circumstance  of  a  flake  or  mass  falling  from  ibe 
roof,  and  throwing  the  inflammable  air  before  it  to  the  <:andles,  ho 
been  often  assigned  as  a  cause  of  tlicse  explosions.  It  is  a  proof  of 
what  is  indeed  sufficiently  established — the  accumulation  of  the 
infiammable  gas  \u  the  roof  of  the  mine. 

The  method,  therefore,  which  I  would  propose,  is  to  bring  the 
supply  c^  air  to  sustain  the  combustion  of  the  lamp  from  the  Boot 
of  the  mioe.  This  maybe  easily  done  by  burning  the  lampwithia 
a  glass  case,  having  a  small  aperturi:  at  tiie  top  to  admit  of  the 
escape  of  the  heated  air  and  smoke,  and  having  attaclked  to  the 
under  part  of  it  a  tube  renching  to  the  floor  of  the  mine  to  conig 
the  air.     Plate  LVIU.,  Fig.  6,  represents  this  in  a  fixed  lamp. 

Ooe  principal  difficulty  in  contriving  any  safe  mode  of  lighting 
coal-mines,  must  be  that  of  having  moveable  lights;  for  tiiesc  die 
workmen  will  often  Jind  it  necessary,  and  in  general  will  be  deEirous 
to  employ.  This  may  be  easily  attained  by  connecting  with  the 
bottom  of  the  case  or  lantern  a  flexible  tube,  air  tight,  or  nearly  so, 
which  may  be  done  by  a  tube  of  prepared  leather  varnished;  this 
tabs   being  of  sucb  a  \engL\\  aa  «i  \eacU  \uti,U  to  llie  floor.    Tfc« 
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kunp  can  thus  be  held  io  the  hand,  or  attached  to  any  occasioaal 
isupport.     Fig.  7  represents  a  lamp  of  this  kind. 

No  danger,  or  scarcely  any,  I  conceive,  can  arise  in  the  use  of 
tbis  apparatus.  If  the  size  of  the  upper  aperture  be  duly  adjusted^ 
BO  air  can  enter  by  it  to  the  lamp,  for  the  purrent  of  heated  air  will 
prevent  this.  And  this  air  can  never  be  heated  so  high  as  to  kindle 
any  mixture  of  carbureted  hydrogen. 

No  inflammable  air  can  enter  from  the  bottom  so  as  to  be  capable 
of  kindling,  for  the  reason  already  assigned,  that  from  its  levity  k 
lises  to  the  roof  of  the  mine,  and  the  mixture  of  it  with  atmospheric 
air,  which  is  explosive,  is  always  accumulated  there.  Nor  can  this 
iDcrease  so  as  to  extend  to  the  floor  of  the  mine,  and  the  miner  re- 
main present,  as  previous  to  this  the  effect  of  this  mixed  air,  re- 
ceived by  respiration,  would  be  felt,  and  give  warning  of  the 
(kinger.* 

The  ikxible  tubes  of  the  moveable  lamps  may  be  easily  prepared, 
and  preserved  air  tight ;  and  there  being  so  ready  a  supply  of  air 
Sfom  below,  if  there  were  any  minute  fissure  in  the  sides  of  the 
tube,  DO  air  would  enter  by  it,  or  the  quantity  would  be  so  small, 
and  so  much  diluted  by  intermixture,  that  there  could  be  no  risk. 
Ib  the  fixed  lamps;,  having  an  iron  or  copper  tube  conveying  the 
akf  there  could  be  no  risk  of  this  kind ;  and  if  it  were  m^cessary^ 

*  It  Jias  been  tuAA  that  the  inflaminable  air  sometimes  issoes  from  the  door  of  the 
aioe ;  and  this  has  been  stated  ajs  a  sufficient  objection  to  the  method  I  have  pro- 
pi>sed.  The  fact  is,  that  it  seldom  comes  from  the  floor,  but  usually  from  the 
sides  of  (be  waN  of  coal ;  and  in  f^eneral  even  the  discharge  is  rather  from  nigh  the 
Ttmf  then  from  beneath,  as  must  indeed  be  the  case  in  the  escape  of  an  elastic  #aid 
from  ao  in^erfectly  solid  mass.  But  even  if  it  did  iasue  ft'om  the  floor  much  more 
IrcQiiently  than  it  does,  it  does  not  remain  there,  but  rises  to  the  roof,  where  the 
aceumalKtion  of  it,  and  the  mixture  of  it  with  the  atmospheric  air  which  ronden 
It^xpktsive,  QBtforinly  take  plaoe,  as  all  the  facts  connected  wkh  the  state  of  the 
air  io  the  mines  prove :  oor  can  any  accumnlation  of  it  talce  place,  which  shall 
reach  the  floor  of  the  mine,  but  by  its  filling  the  space  from  the  roof  downwards, 
aftxcd  more  or  less  with  the  atmospheric  air.  AH  that  is  necessary,  therefore,  is 
tm  ^oard  against  the  chance,  •e.'&tremeiy  small  in  itself,  of  the  open  end  of  the  tube 
hasag  in  the  direotion  of  a  stream  of  the  gas,  if  at  any  time  it  should  issae  from 
tbe  floor  ;  and  this  is  easily  done  by  the  methods  stated  in  the  descriptions,  of  the 
tobe  being  turned  up  at  its  extremity,  or  of  its  being  closed  for  the  height  of  two 
or  three  tidies,  with  apertures  above  this  height,  (e  admit  the  air.  Any  small 
q/amaikif  which  m^ht  be  brought  by  the  current  of  air  entering  tbe  tube  must  be 
aniaiportant;  and  any  danger  from  this  source  roust  require  such  a  combination 
of  circumstances  as  may  well  be  expected  never  to  occur — that  of  the  tube  being 
Sa  the  direction  of  -the  cur^vnt  of  gas— of  the  mixture  of  it  with  atmospheric  air 
htim%  in  that  limited  proportion  when  it  reaches  the  flame  of  the  lamp  in  which 
it  edqplodes,  and  of  the  whole  air  at  the  floor  of  the  mine  being  also  in  that  state 
in  wliich  it  will  explode  ;  and  all  this  independent  of  the  circumstances  that,  by 
any  such  mixed  air  passing  itito  the  lantern,  the  flame  of  the  lamp  will  be  extia^ 
^shefl  instead  of  explosion  happening,  and  thait  explosion,  even  if  it  did  occur, 
would  not  be  conveyed  along  this  length  tif  tube. 

The  same  arrangement,  with  regard  to  the  tube,  obviates  another  possible  in- 
emvenrence— that  of  the  entrance  of  carbonic  acid  gas,  which,  from  its  greater 
specific  gravity,  may  sometimes  occupy  the  floor  of  the  mine.  It  seems  scarcely 
ever  to  be  acciunulated  to  this  extent  in  mines  in  which  fire<daniLp  is  generated  $ 
and  if  it  were,  its  entrance  into  the  lantern  w-ould  be  productive  of  bo  other  acci< 
dent  than  that  of  extinguishing  the  flame.  But  even  this  is  easily  obviated,  by 
jidpittiiig  tktJur  aijmy  -beighi  from  theHapr  whioh  m»y  ke.  CaunA  t^nfiJalLlfc^ 
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similar  metallic  tubcs^  with  moveable  circular  joints,  could  be 
adapted  to  the  moveuble  lamps. 

There  is  another  circumstance  which  will  give  securitj  to  th€«e 
kmps^  should  it  ever  happen,  from  any  unforeseen  cause,  thati 
mixture  of  inflammable  air  were  introduced — the  rarefaction  of  tkc 
air  within  the  lamp,  and  especially  near  the  flame.  It  is  well  known 
that  mixtures  of  inflammable  air  with  atmospheric  air,  or  even  widi 
oxygen,  cannot  be  inflamed  if  the  elastic  fluid  be  in  a  certain  degree 
of  rarity.    The  experiments  of  Grotthus  with  regard  to  this  are 
important.    They  prove  that  the  combustibility  of  the  inflammable 
gases  is  so  much  dependant  on  their  density,  that  if  a  mixture  of 
any  of  them  with  oxygen  gas  be  rarefied  to  a  certain  extent,  either 
by  the  air-pump,  or  by  elevation  of  temperature,  it  could  not  be 
kindled  by  the  electric  spark  which  kindled  the  same  mixture  easily 
in  its  denser  state.     Hence,  as  he  justly  remarked,  bodies  may  be 
inflammable  under  pressure,  the  inflammability  of  which  is  weal, 
or  not  apparent  in  a  rarefied  atmosphere ;  and  in  mixtures  of  diffii- 
rent  inflammable  gases  with  atmospheric  air,  there  will  be  a  certaia 
^'gree  of  density  within  which  only  the  mixture  can  be  inflamed. 
The  mflammability  of  any  mixture  of  carbureted  hydrogen  with  at- 
mospheric nir  is  limited  to  certain  proportions,  and  in  all  of  them 
is  inconsiderable.     Dr.  Thomson  states,  what  is  a  proof  cf  this, 
that  he  had  never  been  able  to  cause  any  mixture  of  it  with  atmos- 
pheric air  to  explode,  it  merely  burnt  rapidly ;  its  exploding  in  the 
mine  must,  therefore,  probably  be  owing  to  the  large  mass  of  it 
inflamed,  and  to  the  state  of  condensation  in  which  it  exists.    An- 
other circumstance,  which  shows  that  even  in  the  mine  its  power  of 
kindling  so  as  to  explode  is  not  more  than  what  just  renders  it  pos- 
sible, is,  that  it  is  not  kindled  by  the  ignited  sparks  from  the  colli- 
sion of  steel  and  flint,  a  machine  producing  these  being  used  to 
give  light  in  working  or  exploring  the  mine,  when  much  danger  is 
dreaded,  and  having  very  seldom  caused  explosion.     Thus  coming 
barely  within  the  verge  of  the  power  of  exploding,  and  owing  it  to 
these  circumstances  of  quantity  and  condensation,  there  is  every 
probability  that,  if  kindled  in  small  quantities,  it  would  not  ex- 
plode, and  that,  presented  to  an  ignited  body,  much  diluted,  and 
in  a  rarefied  state,  it  would  not  even  inflame.     Hence  the  chance 
of  its  inflaming  in  a  lamp  such  as  that  described  is  inconsiderable, 
were  it  even  admitted  to  the  flame ;  and  the  certainty  of  its  not 
exploding  might  almost  be  depended  on.     The  security  from  this 
might  even  be  carried  so  far,  by  adapting  properly  the  size  of  the 
upper  aperture,  so  as  to  produce  the  greatest  degree  of  rarefaction 
in  the  air,  that  if  a  mixture  of  the  fire-damp  with  atmospheric 
air  were  introduced,  it  might,  instead  of  inflaming,  become  inca- 
pable of  supporting  the  combustion,  or  at  least  might  so  far  weaken 
the  flame  as  to  give  indication  of  the  danger. 

Lastly,  if  even,  from  some  singular  cause,  an  explosion  did 
bappen  within  the  case  of  the  lamp,  it  appears  to  me  very  doubtful 
if  it  would  be  propagated  further.    It  must  be  extremely  feeble.' 
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rhe  flame  or  ignitioa  could  not  be  communicated  by  the  upper 
iperture  to  the  air  without,  partly  from  its  smallness,  and  partly 
Tom  the  upper  part  of 'the  lamp  being  previously  occupied  by  air 
lot  capable  of  kindling.  Nor  could  it  be  easily  communicated 
iownwards  through  the  tube,  especially  in  a  flexible  tube,  the  sides 
»f  which  would  first  yield,  and  then  collapse ;  and  though  conveyed 
Iownwards,  there  would  be  little  or  no  probability  of  an  air  occupy*- 
log  the  floor  of  the  mine  capable  of  being  inflamed.  The  risk  of 
luch  a  communication,  if  it  were  thought  there  were  any,  might 
probably  also  be  diminished  by  conveying  the  air  rather  by  several 
small  tubes  than  by  one  larger.  Other  contrivances  sufficiently 
simple,  if  they  were  supposed  necessary,  might  be  employed.  A 
cup  containing  water,  for  example,  or  a  saline  solution,  might,  in 
situations  peculiarly  hazardous,  be  suspended  within  the  case,  over 
the  orifice  of  the  air  tube,  which,  if  any  explosion  were  to  happen^ 
would  by  the  agitation  throw  out  the  fluid,  and  extinguish  the  flame* 

If,  notwithstanding  all  these  means  of  safety,  there  should  in 
any  particular  case  be  any  dread  of  danger  from  the  admission  of 
iunammable  air  with  the  common  air,  this  might  be  completely 
obviated  by  an  additional  arratigement.  The  air  to  supply  the  lamps 
might  be  brought  by  a  cast-iron  pipe  from  any  part  of  the  mine 
where  the  danger  did  not  exist,  or,  what  would  give  entire  security^ 
from  the  bottom  of  the  shaft,  where  the  air  must  be  pure.  A  pipe 
or  pipes  of  this  kind  running  through  the  principal  passages,  small 
upright  tubes  might  arise  from  it  at  convenient  distances  to  the  fixed 
lamps.  A  similar  mode  might  be  extended  even  to  the  moveable 
lamps ;  the  flexible  tube  attached  to  the  lamp  might  be  of  such  a 
leogtb  as  to  reach  to  a  part  of  the  mine  where  the  air  was  known 
to  be  pure ;  or  such  flexible  tubes  might  be  adapted  to  branches 
fitted  with  stop-cocks,  and  communicating  with  the  main  trunk. 
Thus  a  system  of  perfect  security,  I  conceive,  would  be  attained. 
Independent  of  the  other  circumstances  diminishing  any  hazard, 
diere  are  here  only  two  modes  of  communication  with  the  external 
air,  from  neither  of  which  can  any  danger  arise — by  the  upper 
aperture  and  the  lower  tube.  The  former  can  admit  no  air  to  the 
lamp  within,  and  the  latter  must  convey  merely  pure  air.  Both, 
therefore,  must  be  perfectly  safe. 

'  I  have  stated  these  diversities  of  method  merely  to  show  how  far 
the  plan  may  be  carried,  where  particular  situations  require  it,  and 
absolute  security  attained ;  but  it  is  very  probable  that  in  general 
they  will  be  unnecessary,  and  that  the  simple  mode  first  explained, 
of  a  tube  connecte4  with  the  lamp  supplying  air  from  the  floor, 
win  be  sufficient. 

This  method,  in  its  simplest  form,  aflbrds  another  security,  that 
of  avoiding  the  igniting  of  any  stream  or  blast  of  inflammable  air,  as  ' 
it  issues  from  the  ooal.  This  it  often  does  suddenly,  and  with  great 
violence.  A  current  of  this  air  being  kindled  in  the  common  mode 
of  lighting  the  mines,  by  the  approach  of  a  candle  or  lamp,  is  a 
frequent  cause  of  explosions,  the  stream  of  flame  exteadk^^Vc^Nj^^ 
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mixture  of  intlaminable  air  and  commoD  air  in  tlic  roof  of  the  mine, 
and  causing  tt  to  explode.  The  Inclosing  of  ihe  lamp  in  tbe  ctse 
of  course  prevents  any  accident  of  this  nature. 

By  these  arrangements,  adapted  more  or  less  to  circumstaacn 
and  situations,  a  system  of  lightiug  oiincs  may  be  established,  I 
trust,  perfectly  safe,  with  any  common  care.  And  the  eKtreme 
simplicity  of  the  plan,  facility  of  execution,  and  econotny,  are  R- 
commendations  in  its  favour. 

It  is  scarcely  necessary  lo  enter  on  the  details  of  the  modes  rf 
coDstructiou  ol'  the  apparatus,  as  these  are  both  obvious,  and  admk 
of  considerable  diversity.  I  have  given  what  ap|)ears  to  be  the  belt 
figure  ol'  tbe  glass  case  fora  6xed  lamp,  sufficiently  wide  to  prereiit 
it  from  being  broken  by  the  heat,  and  not  too  much  so,  so  as  M 
lessen  the  current  and  mrefaction  of  the  air.  The  aperture,  too,  » 
adjusted  to  the  same  purpose.  If  a  lamp  with  oil  be  employed,  % 
can  cither  be  suspended  from  the  top,  or  tised  on  a  »>cket  from  be- 
neath ;  if  a  candle  he  used,  it  must  h«vc  a  socket,  which  it  maybe 
requisite  should  he  a  sliding  one,  to  adjust  it  to  the  due  height  u  it 
burns  down.  The  glass  cases  may  Uc  protected  from  external  '»■ 
juries  by  a  wire  netting.  Fixed  lam]»  will  in  getieral  be  less  expoeed 
to  risk  than  moveable  lights,  and  by  employing  them  in  suffideut 
number,  few  of  the  latter  may  be  required.  In  all  the  passagesflf 
the  mine  the  former  may  be  employed  ;  and  in  all  cases  where  fistd 
lamps  with  a  metallic  tube  reacliing  nigh  to  the  floor  can  be  inlre- 
duced,  the  method  is  more  simple,  and  is  attended  with  less  Koiiblf, 
and  requires  less  attention  than  any  other  that  can  be  used. 

Some  precautions  may  be  necessary  in  kindling  the  candles  or 
Jamps.  In  the  moveable  iipparatns  this  may  be  done  at  the  bottom 
of  the  shaft,  or  any  other  part  of  the  mine  where  the  air  must  be' 
pure.  The  fixed  lamps  may  be  kindled  in  a  similar  manner,  b«ne 
supplied  with  a  flexible  tube  at  the  bottom,  to  he  removed  whfli 
they  ate  tiaiistiErred  to  the  fixed  tube,  and,  H  necessary,  with  the 
additional  precaution  of  stop-cocks  to  each.  Vuiious  arrangcmenb 
with  regard  to  these  will  readily  occur.  * 

■  To  the  obsprTalionii  ill  the  text,  un  the  coDstrnction  of  the  lamp,  afewtt- 

The  giriiicipal  circunutaiice  reqairisg  ailjuslmeut  la  tlint  of  Ibe  size  otttf^rr- 
ture  by  which  the  bralud  ulr  escapes.  If  It  be  iidI  sifficienlW  widp.  ihr-  lonn  i> 
fhint,  aud  on  Iho  rooremeiit  of  [he  lamp  bccomrs  uusleady,  i 


I 


Ongalslied.  If  it  lie  ton  wide,  (here  \aay  be  tomt  risk  of  a  current  of  air  MW|n 
tile  laalcrn  t>j  il,  eBjjeciallj  if  tlie  vaia  litbe  lie  Dot  suScienlly  wide,  bj  rtiai 
the  whole  seen  lit}  from  the  melhod  would  be  ioet.  Tlie  due  sizo  ii  iiMSIcuU]r 
found,  Irj  aSiiiii;  lo  the  aperture  at  the  lop  a  conical  tube,  and  cuUiiig  thiidanl 
in  laccc^ive  (riais,  unlil  the  diameter  is  allained  at  nhiuh  llw  flame  issteadrald 
briflfil.  Il  it  Bul  easy  to  give  a  precipe  dinieiisTan,  as  the  Hameis  dependnnl  op  tie 
tu-eaiith  and  height  uf  the  nick,  the  purity  of  ibe  oil,  and  ihe  state  of  tbesh'i 
lint  I  Bod  that  in  a  lantern  of  Ihe  size  iif  Ihe  moveable  one  mentioned  in  the  led 
—five  inches  in  lieight  by  ibreein  width,  with  a  flat  canon  uick  three-lenttnofM 
incli  broad,  and  burning  an  a>  to  cnnnme  about  two  onnciasf  oil  in  &ixkMD.the 
diaueter  of  Ihe  aperture  being  a  very  little  lesi  than  half  an  inch,  admitted  of  I** 
flame  being  steady  and  bright  when  the  cumbujlion  wai  fully  esiabliahed.  Id  ifc* 
S)iue  it  uiaj  be  nrqmicd  tu  be  aWM^e  \s,t^tii    Wbea  Ihe  lamp  is  kindled,  ll,ic> 
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I  bavtf  said  that  the  accumulation  of  the  carbureted  hydrogen  in 
the  air  of  the  mine  may  be  discovered  by  its  effect  on  respiratioiu 
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mains  for  a  minute  or  two  more  fatnt,  and  if  moved  hastily  in  this  state  ia  liable  to 
bceztingobhed.  One  aperture  is  preferable  to  two  or  three  smaller  apertures,  as 
there  is  less  risk  of  any  counter-current;  and  to  guard  also  against  this  in  any 
awvement  of  the  lamp,  it  is  proper  to  have  the  opening  in  the  form  of  a  stforC 
tabe.  The  heat  of  the  air  issuing  from  an  aperture  of  this  size,  with  a  tlame  tucli 
as  has  been  described,  I  found  to  be  370^,  the  bulb  of  the  thermometer  being  in 
the  current  exactly  at  the  orifice;  when  introduced  entirely  within  the  aperture, 
•ad  immediately  above  the  flamo,  it  rose  to  465°.  Air  of  this  temperature,  it  is 
oltTious,  cannot  inflame  fire-damp,  or  any  mixture  of  it. 

No  very  accurate  adjustment  ii  required  with  regard  to  the  siae  of  the  tfibe  cob* 
teying  the  air  into  the  lantern.  It  is  sufllcient  to  liave  it  wide  enough.  The  state 
of  the  flame  is  then  regulated  entirely  by  the  size  of  the  upper  aperture,  and  anjr 
slight  excess  of  width  in  the  tube  beneath  is  of  no  importance.  I  find  that  with  a 
lantern  and  lamp  of  the  above  size,  a  tube  three-fourths  of  an  inch  in  diameter 
interior  measure,  and  3^  feet  in  length,  answers  very  well.  This  circuro.stancej  of 
ao  accurate  adjustment  being  necessary,  gives  an  advantage  to  this  method  in  actual 
■se.  Where  the  safety  of  the  lamp  depends  on  such  an  adjustment,  it  is  difficult 
t«  construct  it  in  such  a  manner  that  it  shall  burn  with  a  bright  flame,  and  steadHy^ 
so  as  not  to  he  liable  to  be  extinguished  by  movemetit,  or  by  the  least  failure  either 
In  the  current  of  air,  or  in  its  purity.  The  bringing  the  air  from  the  floor  render* 
any  such  adjustment  unnecessary,  and  allows,  therefore,  of  a  more  bright  and 
steady  flame  being  produced  with  entire  safety.  And  by.  the  lamp  being  thw 
always  supplied  with  the  purest  part  of  the  air,  it  will  continue  to  burn  where 
any  safety  lamp  on  a  different  principle  must  be  extinguished,  and  of  course  will 
aoBble  the  miner  to  work  in  situations  where  no  other  will  be  of  auy  use. 

In  fixed  lamps,  the  length  of  the  tube  must  be  regulated  b^  the  height  of  tlsfr 
passages.  <  The  thickness  of  the  two  beds  of  coal  at  Newcastle  is  about  six  feet 
each.  But  it  is  unequal,  and  in  some  places  is  not  more  than  four  feet.  On  the 
other  hand,  the  occasional  falling  of  the  roof  forms  dome-like  cavities  above  this 
helgbf.  It  is  in  these  that  the  inflammable  air  chiefly  accumulates,  and  in  the  lower 
passages  w  workings,  where  they  are  open,  the  draught  of  air  must  in  general 
prevent  it  from  being  collected.  Hence  the  limits  to  the  elevation  of  the  lamp, 
and  of  coarse  to  the  operation  of  the  principle  on  which  the  method  is  founded,. 
&ro  less  than  they  at  first  appear ;  though  even  the  height  of  three,  or  3^  feet,  froM 
llie  floor,  while  it  is  probably  best  adapted  to  the  necessary  ilUiiaination,  will  give , 
Ihe  requisite  security. 

A  lamp  with  oil  vs  more  convenient  than  a  candle,  as  requiring  no  adyustmenC 
with  regard  to  the  wick ;  and  by  the  common  contrivance  of  a  plate  with  a  screw 
•a  the  aperture,  the  oil  is  prevented  from  being  spilt,  on  any  occasional  Inelinn^ 
tiOD  of  the  lamp.  The  usual  time  of  a  miner's  work  is  six  hours  ;  the  lamp,  of 
the  size  just  now  mentioned,  with  fresh  oil  and  wick,  burns  seven  hours.  The 
athier,  therefore,  may  take  it  with  him  newly  trimmed,  and  the  lantern  need  never 
l^opened  in  the  mine,  by  which  any  risk  from  the  communication  of  its  flame  to 
the  surrounding  air  may  be  avoided.  If  it  were  necessary  that  it  should  burn  for 
a  longer  period,  it  might,  without  any  inconvenience,  be  made  of  a  larger  size  ; 
AUd  the  wick  might  be  made  so  as  to  admit  of  being  raised  by  a  contrivance  similar 
to  that  of  Argand's.  All  the  joinings  of  the  case  orianthorn,  it  is  obvious,  ought 
to  be  as  close  as  possible. 

By  employing  a  metallic  lantern,  with  a  lens  of  very  thick  glass  in  front,  the 
Sfik  A'om  breaking,  which  is  incurred  when  a  glass  case  is  used,  is  avoided.  This 
tfODStrnction  has  other  advantages.  It  affords  a  greal  deal  of  light  in  the  most 
flsvonrable  manner;  the  illumination  being  directed  with  less  loss  on  the  space 
Wliere  it  is  required.  Where  the  situation  admits  of  it,  a  lantern  of  this  kind  can 
Ire  Bade  to  project  light  in  a  straight  line  to  a  great  extent,  and  illnmiuation  may" 
hB  thrown  into  a  passage,  or  along  the  side  of  a  wall  which  is  to  be  worked,  by 
Its  Mng  placed  at  one  extremity.  This  may  not  only  have  the  advantage  of 
ccoDOnty,  but  of  greater  safety,  so  as  to  render  this  method  proper  to  be  employed 
•n  tikis  iiccoant  alone,  independent  of  any  other  consideration ;  fur  the  lamp  beinj; 
plnced  at  some  distance  from  the  miner,  the  risk  is  avoided  from  the  concession 
•rising  from  his  working:,  from  any  fall  from  (he  roof,  or  from  the  sudden  dischargo 
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Ite  delderidw  tgeaef  m  mil  knoiVn.  At  the  same  ximt,  as  ta  tlie 
pvaMfainntier  «  ^wticns,  its  adiiition  to  the  air  mui^t  be  gradual, 
A  «ni  not  «xntitB  fan  deleterious  power,  but  produce  only  suck 
MMm  tt'wtllgtte  fnmhiff  or  its  presence. 

Btcd  before  it  acti  thia  far,  it  will  be  Dpparcnt  byitssioeU 
Hydrogen  tn  ft  hbmid  itate  has  a  sciuiblc  odour.  The  fire-damp  in 
■turn  nknbwa  by  lu  smelt ;  the  miner,  in  judging  of  its  presence 
ahnjn  (dvineing  with  comideniblc  confidence  when  no  smell  is  to 
1  this  criterion  must  become  still  uioie  evidetil, 


when  tfte  penoo  expoied  to  it  is  guarded  from  its  early  esplosion, 
andit  ll  rani  Bllowed  to  Accumulate  to  a  greater  extent.  Il  is  alsa 
■ometbbes  tpparebt  to  the  eye,  by  ihc  vapour  which  is  diffused 
Aiirt^  it,  nraiiDg  a  kind  of  mist,  floatiog  under  the  roof  of  tie 
ttine^  Wid  fitwtiMtTDf  with  every  iiio\'emeiit  of  the  air. 

.^lere  ji  one  other  drcDmstance  which  has  been  employed  as  a 
critetioBy  tboughf  in  the  usual  mode  of  applying  it,  it  ^eems  lo  k 
■  TCCf  hundow  one — what  is  called  the  candle  top.  This  is  t 
jelknrilh-cokKrred  (fifiurion  of  the  light  round  the  flame  of  tlie 
cuidfi,  ririn^  higher,  Slid  assuming  a  greenish-blue  colour  when 
ibt  qnntitjF  n  conndersble ;  and  when  it  i$  still  larger,  giving  rise 
W  a  ramd  tdecearioD  of  hnminous  points  or  flashes.  The  miner, 
when  jnd^ng' Jiom  thh  of  the  presence  of  fire-damp,  advances 
uly  in  the  iniite,  observing  the  appearance  on  his  candle,  hj 
;  it  dowlf  from  •  certain  height  from  the  flour — a  circam- 
,  I  nut;  remark,  which  shows  very  well  the  tendency  to  die 
Hihtion  of  the  infiammable  gas  in  the  roof,  and  the  compais- 
l6ft  purity  of  the  air  below.  He  thu?  advances  as  far  as  he  can  with 
safely,  and  it  is  singular  to  what  length  the  miners  sometimes  prO' 
ceed  with  this  trial.  This  peculiar  appearance  seems  to  arise  paniji 
from  the  eatingiiiihing  eflicf  of  the  reduced  air  on  the  flame  of  llie 
candle;  for  a  similar  efiei-t  is  produced  in  immersing  a  ligh|eil 
candle  slowly  in  any  gas  unfit  to  sustain  combustion ;  atid  as  it  «- 
tenda  so  high,  it  must  also  partly  arise  from  the  imperfect  ascension 
of  the  inflammable  gas.  If  aay  inflammable  air  were  to  enter  \Ve 
laoop  I  have  described,  this  appearance,  or  something  similar  Co  i^ 
would  take  place,  even  sootier,  from  the  rarefaction  of  the  air,  and 
probably  the  flame  would  be  entirely  extinguished  before  any  en- 
plosion  occurred.    It  would,  therefore,  give  an  equally  sure  indi- 

...  -  ..■  >«* 
•f  the  inflammable  gu  ftoni  anv  apeoing  io  tbe  coal.  UlamiBBliu  mot  •{■  kt 
ttoi  abtalned,  !ii  Biluatiaiu  wherE,  from  imperfect  venlilatioB,  It  it  dltftflUk 
npport  tiw  cnmbiiition  of  a  lamp,  tnch  u  tbe  cloie  extremitiM  af  iwiwiirt  ttm 
Beta  traiklnp.  TkcM  are  tbe  very  places  too,  wbicb  arcmara  pccollMj  MMf - 
(n  ihe  HCCiimalatiBn  of  Ibe  influnauble  airt  aiid  ia  balb  mpfcis,  flwBf(|MpA| 
advantHge  h  obvioiu  of  a  made  b;  which,  where  the  direction  ot  Ae.WtMltL 
admit*  of  it  (which  It  will  almml  alwaja  do  to  a  certain  'etteal%  1^^  JMI M 
Ibrowa  Tram  »  diMant  >pol,  where  tte  sane  dilGcallj  and  (be«HiehaMlrtMW 
uiiL  I^llf ,  in  asceilaining  the  Blal«  of  theairinpauapmrhetriUpsKhiM^ 
prrted,  or  iDeiplaring  tbem  afterlhe  accident  of  aa  eiploaion,  the.tMW  McM^ 
will  s>**fr*Memfrtj.  WhereasHrfe  dlffOaed  li^tla  wanted,  tbii  1*  (ullf  n[ 
MiBadj^ylteMu&Mor  llNleai  being  mnrcoclflManatdMd.     -  '" 
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cation  with  much  more  safety  ;^  though  It  is  also  probable  that  no  air 
to  fer  impregnated  with  carbureted  hydrogen  could  ever  enter  from 
the  floor  of  the  mine  while  the  atmosphere  above  was  such  that  it 
could  be  breathed. 

When  the  danger  is  suspected  to  exists  the  state  of  the  air  in  any 
part  of  the  mine  may  be  accurately  examined  with  great  facility  and 
entire  safety.     With  a  moveable  lamp  and  tube^  such  as  has  been 
described,  or,  if  it  were  thought  to  give  more  safety  in  extreme 
cases,  with  light  obtained  by  the  collision  of  steel  and  flint,  in  the 
steeU-mill^  as  it  is  called,  a  person  could  advance  to  any  spot,  empty 
a  bottle  of  water  there  at  any  particular  height  from  the  floor,  cork 
the  bottle,  and  immerse  the  mouth  of  it  inverted  in  water*     A  por- 
tion of  the  air  would  thus  be  withdrawn,  and  at  the  bottom  of  the 
shaft,  or  at  the  mouth  of  the  pit,  it  might  be  tried  whether  it  were 
explosive  or  not.     Even  if  it  did  not  kindle,  the  degree  of  the  ap- 
proach to  danger  from  the  intermixture  of  a  certain  portion  of  the 
inflammable  air  might  be  ascertained.  That  a  mixture  of  carbureted 
hydrogen  and  atmospheric  air  should  be  capable  of  being  inflamed, 
they  must  be  in  certain  proportions  to  each  other.     Not  less,  as  Dr. 
Thomson  has  remarked,  of  the  carbureted  hydrogen  than  -^  of  the 
volume  of  common  air  must  be  present ;  and  when  it  exceeds  -^th  of 
!the  volume  of  the  air,  it  ceases  to  explode.    All  mixtures  in  the  pro- 
portions between  these  will  explode,  but  beyond  these  extremes  will 
not.     If  the  air  withdrawn  from  the  mine  for  examination  does  not 
explode,  it  may  be.  discovered  how  near  it  is  to  the  flrst  proportion 
at  which  this  will  happen,  by  adding  to  different  portions  of  it,  cer- 
tain proportions  either  of  hydrogen  or  atmospheric  air  until  an  ex- 
Elosive  mixture  is  formed.    If  the  addition  of  a  small  proportion  of 
ydrogen,  for  example,  were  sufficient  for  this  purpose,  this  would 
indicate  the  near  approach  to  danger,  by  showing  that  a  very  little 
.  further  intermixture  of  fire-damp  would  render  thet  air  in  that  part 
of,  the  mine  explosive.     An  excess  of  hydrogen,  if  it  were  present, 
would  always  be  hazardous;  for  although  it  might  not  form,  pro- 
'perly  speaking,  an  explosive  mixture,  still  it  would  be  inflammable* 
.These  experiments  are  so  simple,  that  the  more  intelligent  miners 
or  superintendents  might  be  easily  taught  to  perform  them.    One 
.of  the  mo^t  frequent  causes  of  the  unfortunate  accidents  that  have 
^occurred  seems  to  have  been  the  want  of  any  proper  method  to 
ascertain  the  extent  of  danger.  In  many  of  them  the  accumulation 
of  the  fire-damp  was  suspected ;  it  was  in  trying  to  ascertain  this 
itbat  the  explosion  happened ;  and  it  is  astonishing  to  observe,  in 
-aome  cases,  the  extreme  imprudence  with  which  this  was  done,  by 
.qiproaching  with  a  common  candle.     In  mines  peculiarly  liable  to 
jgach  accidents,  it  might  be  well  to  have  a  regular  system  of.making 
aoch  trials  at  stated  periods.     And  this  is  more  necessary  when  it  is 
considered  that  all  methods  of  lighting  that  may  be  proposed  ar^, 
!Arictly  speaking,  only  calculated  to  lessen  the  danger  from  accidental 
^ing  of  the  gas ;  and  that^  in  one  point  of  view^  they  are  a  souroe 
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of  hazBi^d^  as  giving  the  idea  of  greater  security,  and  bieJBgliabk, 
therefore,  to  lead  to  less  strict  attention  to  ventilatioD. 

When  the  accumulation  of  gas  to  a  dangerous  extent  is  aseov 
tained,  it  may  be  drawn  off  by  various  methods.  A  communication 
Biay  be  formed  with  a  part  of  the  mine  in  a  state  of  th^Mugh  wnti- 
lation,  and  the  rapidity  of  the  current  of  air  might  be  increased, 
or  the  foul  air  might  be  pumped  out  by  a  steam-engine,  or  by  an  ex- 
hausting machine,  such  as  that  proposed  by  Mr.  Taylor^*  broygbt 
to  act  on  any  particular  part.t 

It  is  not  necessary,  however,  to  enter  on  the  details  of  the  systesi) 
which,  with  regard  to  several  of  the  contrivances,  are  indeed  soA* 
ciently  obvious,  and  which  might  further  be  varied  by  local  circaoK- 
stances,  and  be  improved  by  a  knowledge  of  these,  and  by  etfM- 
rietice.  My  object  has  been  merely  to  state  the  general  methody 
and  explain  its  principles,  with  any  collateral  observatioDS  which 
appeared  to  me  to  be  of  importance. 

*  Thomson*!  Annab,  vol.  iii.  $  or  Philosophical  Maji^zine,  toI.  zsxviii, 
f  When  the  working  of  a  mine  are  carried  to  a  considerable  distance  fromtbe 
course  of  the  current  of  air,  witliout  a  corresponding  shaft  being  made,  fbefnk* 
tilation  becomes  ver^  imperfect.     In  this  rase  it  is  stated  in  a  "very  candid  con- 
manication   by  Mr.  Scott  (Edinburgh  Journal,  Dec.  1815,)  that  the  lamps  bora 
with  more  brigh(ne«s  near  the  floor  than  near  the  roof  of  the  mine  :  the  huu, 
therefore,  with  the  tube,  will  be  adapted  to  such  situations,  or  at  least  the  cir« 
cumstance  of  Uie  air  being  brought  from  the  floor  will  coanterManoeany  -obstide 
from  its  being  inclosed,  and  will  allow  it  to  burn  as  well  as  an  ezpcfed  b»p 
would.     In  the  Scotch  coal-mines  in  general,  the  system  of  Tentilatioo  appears  to 
be  even  less  perfect  than  it  is  in  the  mines  in  the  north  of  England,  probably  fran 
the  same  necessity  not  having  existed,  for  rendering  it  equally  perfect,  as  the  pro* 
duction  of  fire-darap  is  so  much  less  abundant.     The  circulation  of  the  air  in  then 
is  often  so  languid,  that  a  method  of  lighting  by  a  close  lamp  would  prrbaps  be 
attended   with  difficulty,  at  leaiit  if  it  were  nec«?ssary  to  place  the  lamp  in  softfa 
situations,  which,  however,  ttie  contrivance  of  emplo3inga  Inutern  withaleii 
in  some  measnre  would  obviate.     The  English  mines  present  the  combinatioD  ef  a 
more  perfect  vonfilatiou  with  the  coustant  production  of  enormous  quantities  vi 
fire-damp.     The  object,  therefore,  is  to  guard  against  explosions  from  the  acci- 
dental accumulation  of  the  gas,  while,  nt  the  iame  time,  the  general  plan  of  ven* 
til.ation  admits  of  (his  being  more  easily  carried  into  effect.     A  singular  metbtdt 
which  bhows  both  the  imperfect  ventilation,  and  the  moderate  extent  within  vbicb 
the  gas  is  generated  in  the  Scotch  mines,  has  been  practised — that  of  firing  (he 
quantity  accumulated  at  a  stated  period — in  some  mines  daily.     A  miner  ententke 
mine  with  a  lamp  inclosed  in  a  lantern  :  he  advances  as  far  as  is  proper,  holdiag 
it  as  low  as  possible,  and  lying  down  on  the  ground,  or  sometimes  even  iai 
trench  dug  in  the  ground  ;  he  removes  the  lamp  from  the  lantern,  and  raising  it,  ot 
advancing  it  towards  the  closed  extremity  of  the  working,  where  the  gas  is  col- 
lected, tires  it.     Mr.  Scott,  in  the  communication  roferretd  to,  proposes  ^ plan  <tf 
firing  the  gas  as  it  collects,  by  a  lamp  of  a  particular  construction,  suspcDded 
nigh  the  roof.     This  would  be  safer  than  the  old  method,  by  which  the  workmei 
are  sometimes  injured,  and  which,  whenever  the  production  of  the  gas  becomei 
coniiiderable,  is  evidently  impracticable.     But  the  exhausting  machine  noticed  in 
the  text  may  always  be  applied  with  t:ufiicient  effect,  and  where  the  gas  is  slowly 
collected  must  be  preferable  to  any  other  method  where  a  current  of  air  cannot  be 
€on>pletely  established.     In  the  Ilurlet  mine,  near  Paisley,  it  has  l>een  employed 
with  entire  snccess,  and  on  so  small  a  scale  that  it  is  worked  with  a  band  pomp.  The 
cylinder  exhausting  the  air  is  23  inches  in  diameter,  and  it  makes  a  IS  inch  iitrokf 
18  time«i  per  minute  ;  it  discharges,  therefore,  in  that  time,  40  cubic  feet  of  air. 
It  is  woiked  by  a  boy,  and  only  as  it  is  required.     Tubes  of  tinned  iron  are  cofi" 
Hected  with  it^  which  are  prolonged  su  the  excavatioo  extends. 
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.It  19  further  obvious  that  the  mode  of  producing  illumination  hy 
ooiil  gas  may  be  connected  with  this  method,  at  least  so  far  as  re« 
^rds  the  fixed  lamps.  The  gas  might  be  prepared  by  a  furnace,  at 
a  part  of  the  mine  where  tliere  would  be  least  hazard  from  carrying 
tM  the  opecation-^at.tlie  bottom  of  the  air  shaft,  for  example,  where 
a  strons^  current  of  air  moves  outwards,  and  the  gas  might  be  con* 
Yeyed  through  a  main  trunk  to  pipes  terminating  by  a  small  aper- 
ture, within  the  glass  case.  Its  combustion,  as  it  issued  from  the 
aperture,  might  be  sustained  with  safety  by  the  <^urrent  of  commoa 
air»  supplied  in  the  mode  already  described.  A  very  brilliant  illu- 
BMnation  might  thus  be  obtained;  and  from  the  peculiar  ad  vantages 
of  situation,  this  might  be  done  so  economically  that  it  might 
MQdcr  moveable  lamps,  to  which  the  method  could  not  well  be 
applied,  unnecessary.  It  might  even  become  a  source  of  advantage, 
by  getting  rid  of  much  of  the  waste  coal,  and  converting  it  into 
cdce.  It  is  possible,  however,  that  the  attention  required  in  the 
process^  and  its  interfering  with  the  operations  of  the  mine^  mighty 
independent  even  of  any  supposition  of  hazard,  render  the  pro* 
priety  of  its  introduction  doubtful. 


'The  general  method,  I  may  add,  :will  prove  equally  effectual  in 
Aviating  the  danger  from  choak-dampj  carbonic  acid  gas,  the  other 
evil  which  miners  dread,  and  which  often  also  occurs  in  caverns^ 
Subterranean  passages,  and  other  situations.  From  its  speciBc  gra- 
vity being  so  much  greater  than  that  of  atmospheric  air,  it  is  known 
to  remain  nearly  at  the  floor,  and  to  extend  very  gradually  upwards. 
A  person,  therefore,  may  advance  with  safety,  where  it  is  present, 
by  the  precaution  of  holding  in  the  hand  a  candle  within  a  glass 
case,  having  a  tube  attached  to  it  supplying  air  from  near  the  floor. 
The  supply  of  air  to  support  the  combustion  being  thus  from  be- 
neath, the  presence  of  carbonic  acid  gas  to  any  hazardous  extent 
would  soon  be  discovered,  by  the  flame  of  the  lamp  becoming 
fftUiter,  and  being  at  length  extinguished,  while  the  respiration  of 
t6e  iudividual  would  not  be  affected  :  and  by  raising  the  open  end  of 
the  tube  to  different  heights  from  the  ground,  the  extent  to  whijcb 
fhe  atmosphere  of  carbonic  acid  reached  would  be  ascertained.  By 
e^tabh'shing  in  mines  in  which  the  choak-damp  is  liable  to  occur,  s 
j^'stem  of  lighting  similar  to  that  which  has  been  described,  the 
^Oger  from  it  would  be  effectually  obviated. 

Description  of  the  Plate* 

.   Fig.  8  represents  the  fixed  lamp. 

^1  Ap  the  glass  case  within  w  hich  the  candle  or  lamp  is  placed  iu  a 
loeket,  with  the  aperture  at  the  top,  of  a  sufficient  size  to  admit  ot 
tbie  escape  of  the  smoke  and  healed  air. 

fi,  the  tube  of  tinned  iron,  or  of  copper,  which  enters  b^oe^th 
tjut  socket,  GODveying  air  from  the  floor  tg  support  tbe  flamq.    Xb 
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fthow  the  length)  it  is  represented  in  two  parts,  and  at  the  mdm 
extremity  it  is  turned  up.  to  the  height  of  three  inches,  to  attain  tk 
advantages  explained. 

Fig.  7  represents  the  moveable  lamp. 

A,  is  a  lantern  of  .tinned  iron,  five  inches  in  height,  and  thne 
inches  in  width,  with  a  glass  lens,  a,  three  inches  in  diameter,  pro* 
jecting  half  an  inch  in  front.  The  lamp,  b,  is  introduced  at  u 
opening  behind,  which  is  closed  with  a  cover  secured  by  a  wire, 
passing  into  a  small  groove  or  tube,  as  represented  at  c ;  d  is  die 
.aperture  in  the  small  dome  at  the  top,  by  which  the  smoke  and  air 
escape ;  e  is  a  small  projecting  plate  to  disperse  the  current  of  hot 
air ;  y^  the  handle,  which  rises  from  tlie  double  back. 

B  is  the  tube  of  leather,  with  a  spiral  wire  within,  to  prevent  ill 
compression,  which  conveys  the  uir  to  support  the  flame ;  tbne 
fourths  of  an  inch  in  diameter,  and  from  three  to  four  feet  ]o!(% 
and  represented  in  two  parts,  to  show  its  length.  It  is  adapted  If 
a  screw  to  the  short  projecting  tube,  g,  at  the  bottom  of  the  lanterQ>; 
and  the  lamp  within  resting  on  a  plate  at  the  height  of  half  an  iodi 
from  the  bottom,  the  air  enters  beneatli  this,  and  rises  by  its  sideit 
To  the  under  end  a  tin  tube,  A,  is  adapted,  closed  at  the  end,  mHi 
apertures  in  the  sides,  at  the  height  of  about  three  inches,  toadm^ 
the  air ;  this  having  the  same  advantages  as  the  turning  up'of  Hif 
tube  in  the  former  figure,  and  in  a  moveable  lamp  being  more  coik- 
venient* 
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Article  III. 

Mr,  Longmire^s  Ansucr  to  John  George  Children^  Esq*  on  the 

Wire-gauze  Lamp. 

(To  Dr.  Thomson.) 

SIR,  IVhiiehaveny  Oct.  17,  1816. 

In  your  last  number  I  met  with  an  answer  to  my  remarks  on  Sir 
H.  Davy's  lamp,  by  John  George  Children,  Esq. 

Mr.  Children,  it  seems,  is  a  man  who  comes  to  rapid  conchisianSi 
and,  having  imagined  that  you  had  prevented  the  publication  of  his 
paper,  he  gets  all  at  once  ill  ailected  towards  you,  and  absolutely 
indignant  at  me,  if  we  are  to  judge  from  his  paper  (in  the  Phil 
Mag.  for  the  last  month)  on  J.  H.  H.  Holme,  Esq.'s  remarks  oa 
Davy's  lamp.  Mr.  Children  subscribes  himself  ^*  sincerely  yours;*' 
but,  after  some  delay  in  the  publication  of  his  paper,  he  goes  over 
at  once  to  the  Editor  of  the  Phil.  Magazine. 

Mr.  Children,  Sir,  begins  by  telling  us  that,  as  you  did  not  en- 
tertain, like  him,  a  high  opinion  of  Sir  H.  Davy's  lamp,  he  was  not 
surprised  to  see  my  remarks  in  your  journal.  Mr.  C,  in  this  inr 
stance,  does  not  give  you  much  credit  for  your  impartiality  as  aa 
Editor.    And,  according  to  bis  way  of  thiokiPg;  you  ougbt  noVj 
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iBi  jdar  opinion  of  the  lamp  is  changed,  to  prevent  the  publication 
df  sdl  papers  hostile  to  it,  should  they  even  come  from  your  pn>« 
fessed  correspondents, 

Mr,  Children  says  he  will  hardly  be  accused  of  making  personal 
Itttaeks.  I  must  confess  I  was  much  surprised  to  observe  so  little 
invective  in  his  paper  in  the  Annals^  and  was  pleased  to  meet  with. 
Id  him,  so  singular  an  exception  to  that  great  and  general  want  of 
whanity  exhibited  by  Davy  and  his  intimate  friends  on  this  occa- 
libo  ;  but  when  I  had  seen  the  Phil.  Mag.  for  the  last  month,  I 
Kfund  Mr.  C.  was  not  so  well  entitled  to  be  considered  such  an  ex- 
^ption. 

In  the  paper  to  which  Mr.  Children  alludes,  I  doubted  the  also^ 
-bite,  security  of  Sir  Humphry's  wire-gauze  lamp.  Davy  has  lately 
liimished  me  with  materials  of  defence ;  which,  though  I  have 
jBlentv  in  reserve,  I  consider  quite  sufficient  to  convince  the  public 
thai  I  was  right  in  my  assertions.  Sir  Humphry  tells  us,  in  the 
'N^castle  Courant,  that  ^^  in  one  instance  he  found  a  lamp  without 
it'second  top ; ''  and  such  are  his  fears  as  to  the  consequences,  that 
lie  considers  it  a  ^^  gross  and  unpardonable  instance  of  carelessness 
ih  (he  maker,  who,  if  any  accident  had  happened,  would  have  been 

frilfy  of  homicide.''  Does  not  Davy  in  this  instaqce  confirm  what 
jpredicted,  when  I  said,  ^^  If  we  suppose  the  lamps  to  be  always 
constructed  properly,  which  might  admit  of  a  doubt ; "  and  does  be 
not  give  me  a  proper  justification  for  saying  that  the  lamp  would  not 
always  be  completely  constructed. 

Sir  Humphry,  in  the  same  paper,  informs  us  ^*  that  the  wire- 
gauze  in  several  lamps  in  the  collieries^  which  had  been  in  use  six 
months,  and  cleaned  by  careful  workmen  without  being  removed, 
pWas.as  good  as  new;  whereas  the  gauze  in  some,  that  had  been  u^^d 
for  a  much  shorter  time,  and  taken  out  of  the  lamp,  (how  comes 
this,  Mr.  C.  ?)  and  cleaned  roughly,  was  injured  at  the  bottom  (^ 
general  complaint !),  and  if*not  actually  ^Two/'e,  becoming  soJ^  This 
quotation  is  a  proof  that  I  had  sufficient  grounds  to  doubt  the  perfect 
(>^cacy  of  the  lamp  in  practice.  Still,  had  Sir  Humphry  introduced 
lamps  to  the  notice  of  miners  with  duje  cautiony  I  should  not 
have  annoyed  him  and  Mr.  Children  with  my  remarks ;  but  as  Davy 
*$£iS  his  followers  chose  to  stile  them  perfectly  safe  lamps,  and  to 
^ake  a  world  of  unnecessary  parade  about  them,  I  thought  it  a  duty 
^Miich  I  owed  to  my  brother  miners  to  put  them  on  their  guard 
i^inst  such  quack-like  proceedings.    Every  month's  experience 
'~|idds  to  my  conviction  as  to  the  necessity  of  the  measure  ;  but  if  the 
se<J(ie)  had  turned  out  contrary  to  my  expectations,  I  should  not  have 
blamed  myself,  as  I  had  the  good  of  the  miners  at  heart. 

Now  the  public  shall  be  the  judge  between  Mr.  Children  and  me. 
If  they  think  my  paper  on  Davy's  wire-gauze  lamp  "  a  weak  at- 
tempt to  injure  "  this  lamp,  they  will  ^'  let  it  perish  in  its  own  io* 
tfgnificance,"  (as  Mr.  C.  once  intended  to  do  ;)  but  if  they  do  not 
find  it  such  an  attempt,  but  one  to  put  the  mining  world  qn  their 
gbard  against  the  deceptious  language  of  a  pecsoa  "^vtli  %.  V^\^ 
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x:ame,  ihcy  will  remember  it  and  its  author  with  some  respect  n 
loCj;  35  the  Uoip  is  IcLOwn,  either  as  an  useful  instrument  to  minen^ 
or  is  A  cisrlysi:'j  5  and  not  give  any  thanks  to  Mr.  Children  Ibr  bring. 
in^  forward  univonhy  remarks  against  a  person  who  was  rendering 
miners  an  important  ser\'ice.  1  will  stand  by  the  Verdict  of  the 
publi.*  \ 

Mr.  Children  says,  "  Had  Sir  Humphry  ever  asserted  its  absolutt 
pen'ecfion  (meaning  construction),  lie  would  have  nierited  Mr« 
Loagm ire's  attack.**  I  did  not,  nor  do  not,  say,  that  Davy  has  ever 
asserted  the  perfection  of  construction  according  to  the  letter^  bat 
he  certainly  has  according  to  the  spirit  of  the  meaning;  for  when  be 
says,  as  he  often  does,  that  hi:j  lamp  is  perfectly  sale,  its  complete 
construction  is  a  very  obvious  inference,  as  is  its  perfection  in  prac- 
tice.  That  Davy  has  not  given  over  publishing  high  notions  of  the 
lamp*s  security,  may  be  seen  from  the  fallowing  paragraph:  he 
says,  *'  The  experiments  above  detailed  are  the  first  that  I  hx9t 
made  on  currents  of  fire-damp ; "  (indeed  !)  "  They  prove  what  I 
had  inferred  from  its  other  properties"  (I  doubt  it);  **  and  they 
oft'er  simple  means  of  rendering  wire-gauze  lamps  perfectly  safi 
against  all  circumstances,*'  (mark  you  the  absolute  **  all!*^ 
*^  hov/ever  extraordinary  s^nd  unexpected,"  (wonderful!)  "  andtrf 
placing  their  security  above  the  possibility  of  doubt  or  catnl/*  (No 
more  comfort  to  poor  "  pseudo- philosophers  !  ")  This  is  very  strong 
and  very  conclusive  language  i  and  if  we  had  perfect  reliance  on 
Davy,  in  his  boasting  moments^  it  would  be  decisive.  At  any  rate, 
according  to  Mr.  Children's  view  of  the  subject,  it  adds  consi- 
derably to  my  means  of  justification,  if  I  had  been  in  want  of  it. 
Tiie  paragraph  from  which  this  quotation  is  taken  contains  in  itself 
the  essence  of  all  Sir  Humphry's  previous  boastings,  and  ludicrous 
display  of  infallibility ;  and  of  his  threats  and  stigmas  so  profusely 
dispersed  on  every  side  of  him. 

Davy  began  by  considering  thin,  uncovered,  and  unprotected 
glass,  aided  sometimes  by  moist  pipeclay,  horn,  asbest,  &c.  as 
perfectly  safe  barriers  between  coal-miners  and  destruction.  The 
glass  lanip  is  a  fair  specimen  of  bis  original  notions  of  absolute  seat- 
rify  ;  but  after  Stevenson's  perforated  metallic  lamp  became  known, 
these  notions  altered  ;  and  then  wire-gauze  was  considered  safer 
than  the  perfectly  safe  glass  lamps.  Single  wire-gauze  lamps  reigned 
in  Davy's  head  for  some  time,  in  perfect  safety,  as  the  means  of 
absolute  security  to  colliers  j  but  they  have  given  way  to  double 
wire-gauze  lamps,  which  may  be  called  the  doubly-secure  perfectly 
eafe  lamps.  Should  this  change  go  on,  **  step  after  step,"  before 
he  gets  to  the  desired,  always  boasted  of,  and  real,  absolute 
jiecurity,  it  will  be  difficult  to  determine  of  what  kind  of  materials 
the  lamp  must  be  made;  but  probably  he  must  have  new  materials, 
and  also  a  new  mode  of  construction.  Mr.  Children  argues  that  the 
imperfection  of  materials  should  not  be  urged  against  Sir  Humphry. 
This  would  be  proper  did  Davy  lessen  his  pretensions  to  suit  contin- 
f  isAcies ;  but  so  long  as  Viv^  vdc.^  wdi  ^^  Va^Vl  «&  those  in  the  para* 
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graph  last  quoted,  he  caonot  but  take  upon  'himself  not  only  the 
risk  of  accidents  by  imperfection  of  materials,  but  abo  from  the 
inadverteikcies  of  colliers.     It  is  not  likely  that  Davy  will  cease  to 
talk  of  absolute  security  so  lon^  as  such  tempting  things  as  the  civic 
crown,  national  distinctions,  &c.  are  held  out  to  him  by  his — com-* 
plimenters  :  for  nothing  but  that  security  will  entitle  him  to  these 
great  rewards.     Besides,  if  he  ceases  to  talk  of  giving  perfect  safety^ 
heswould  let  himself  down  to  the  level  of  ordinary  men;  and  be  no 
i>etter  than  the  very  colliers,  to  whom  he  is  holding  out  a  universal 
preventive  of  accidents  by  fire-damp ;  for  these  colliers  have  aU 
along  had  a  S3rstem  of  ventilation,  which,  to  reason  as  Mr.  Childrea 
does,  might  be  called  perfectly  safe  (notwithstanding  what  has  lately 
happened),  as  they  can  obtain  for  a  time  an  uninterrupted  current 
to  sweep  away  all  the  tire-damp  without  injury  to  others.     This  is 
9uite  sufficient  in  the  new  way  of  security ;  and  the  crushing  down 
of  stops,  and  accidentally  opening  of  doors,  the  usual  sources  of 
accident  in  ventilation,  are  only  equivalent  to  the  neglect  of  using 
lamps  with  single  tops,  or  the  error  of  injuring  them  by  rough 
usage.     Now  as  Sir  Humphry  cannot  admit  that  his  lamps  are  sub^ 
ject  to  the  same  contingencies  as  those  of  other  men,  we  find  that 
he  is  forced  to  admit  their  want  of  safety  in  both  construction  and 
practice,   while  he  would  make  us  believe  he  has  placed  ^^  their 
security  above  the  possibility  of  doubt  or  cavil." 
.   Mr.  Children  endeavours.  Sir,  to  show  in  his  second  paragraph 
that  any  enlargement  of  the  apertures  by  the  wearing  of  the  wires 
will  not  produce  accident.  Let  us  now,  Mr.  Editor,  take  this  ques- 
tion into  consideration.    Mr.  Children  argues  from  Mr.  J.  Murray's 
experiments.     Mr.  Murray  extends  the  distance  of  safety  between 
the  wires  to  -J-  of  an  inch ;  Mr.  C.  therefore  concludes  that  a  wire 
may  be  removed  from  between  every  two  wires  of  those  which  are 
placed  at  ^^  of  an  inch  apart,  l)cfore  the  flame  will  pass  ;  and  he 
"  humbly  suggests  "  that  the  lamps  must  have  a  little  more  than 
"  begun  to  wear^^  before  danger  can  ensue  from  this  cause.     I  am 
very  willing  to  let  Mr.  Murray's  scientific  attainments  stand  on  the 
footing  that  Mr.  Children  has  introduced  them ;  but  I  cannot  help 
saying  that  the  error  which  Mr.  C.  has  detected  does  not  add 
strength  to  his  own  recommendation  ;  and  if  he  meant  that  Mf. 
M.'s  evidence  should  appear  with  all  its  force,  he  ought  to  have 
checked,  in  this  instance^  his  wish  to  expose  the  small  errors  of  his 
contemporaries.     But  Mr.  Children,  I  see,  will  lay  hold  of  trifling 
advantages  at  the  expense  of  every  person — except  Sir  H.  Davy. 

Irejisoned  from  the  experiments  of  Sir  Humphry,  who,  at  the 
time  I  wrote,  had  limited  the  size  of  an  aperture  to  -^  of  an  inch 
09  the  side,  and  considered  any  larger  size  to  be  dangerous.  If  Sir 
H«  Davy  grounded  his  assertions  on  accurate  experiments,  my  rea- 
soning retains  its  full  force ;  but  if  the  contrary  can  be  shown,  then 
it  is  of  no  avail.  I  certainly  join  issue  with  Mr.  Children,  in  this 
instance,  with  some  degree  of  diffidence;  because  I  have  very 
lately  read  over  the  most  of  Sir  Humphry's  experiments  on  this. 
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suliject  wiili  much  attention,  and  I  met  with  inUtiikcs  which  I  SA 
not  expect  to  see  in  the  works  of  one  who  is  said  "  tD  be  so  sbiltid 
qxi  experimenter,  and  one  so  deeply  informed  in  chenaistry,  bdli 
theoretical  and  practical."  Thus  Davy,  in  the  adveciisemeDt  torbi* 
pamphlet,  informs  us  that  *'  wire-gauze  of  3000  apertures  in  a 
square  inch  was.  sufficiently  fine  to  prevent  explosions,  used  kift 
cylinder,  but  did  not  bear  the  proof  of  a  concentrated  explosioB 
)iom  a  close  glass  vessel."  But  in  his  late  communicationa  he  tay^ 
"  I  have  never  been  able  to  pass  the  flame  of  coa!  gas,  or  any  Other 
cartonaceoiis  gas,  through  wire-gauze  having  more  than  1600aper- 
turea  lo  the  square  inch,  ly  any  means."  Here  there  is  eitbM  a 
great  mistalie  in  the  experiments,  or  a  great  deficiency  of  ntcjuoiy. 
fair  Humphry  says,  in  his  experiments,  that  red-hot  iron  ban  did 
not  ignite  tire-damp;  but  now  he  is  afraid  to  trust  small  wires^yit 
if  bars  will  not  set  the  gas  on  fire,  there  cannot  be  any  danger  fron 
wires.  Lastly,  Sir  Humphry  tells  us  that  if  fire-damp  be  miiei 
with  air  in  tlie  proportion  of  l  to  14,  the  mixture  will  be  fired  bf4^ 
candlej  but  Mr.  Buddie's  practice  is  much  at  variance  with  Im 
result.  Mr.  Buddie  finds  that  from  525  to  700  hogsheads  of  *it 
"will  dilute  and  render  harmless"  from  170  to  230  bogsheadarf 
fire-damp.  According  to  tliis  statement,  acandie  wlil  fire  a  mixfutfr 
of  five  parts  of  air  and  one  of  fire-damp,  instead  of  14  of  air  snd^ 
one  of  fire-damp,  as  Sir  Humphry  says.  Thus  there  is  as  gteat  s 
iUfference  between  Sir  Humphry  and  Mr.  Buddie  as  betwpen  Sir 
Humphry  and  Mr.  Murray,  What  am  1  to  do  in  this  dilemmaj: 
None  of  these  high  authorities  are  to  be  dissented  from  withiai- 
punicy!  ]f  1  prefer  Sir  Humphry's  experiments,  1  shall  dispteM 
Mr.  Children ;  who  says,  "  few  wilt  feel  inclined  to  treat  lightly  Mtu 
INlurruy's  opinion  on  scientific  subjects,  especially  in  the  department 
of  dieuiistry."  ]f  1  decide  against  Mr.  Buddie,  I  shall  also  iaciiE 
Mr.  Ciiildrcn'sdisplqasy^e,  for  bethinks  very  highly  of  Mr.  Buddle'j 
practical  knowledge.  And  if  1  find  fault  with  Sir  H.  Davy,  Mr. 
C.  will  say  1  am  actuated  by  "  obstinate  prejudice,  or  a  warse 
feeling."  .1  find  myself  involved  in  uncertainty,  and  filled  witji. 
doubt ;  for  as  soon  as  I  begin  to  contradict — danger  may  ensue! 
But  I  must  run  all  hazards.  As  Sir  Humphry  has  lately  informci 
us  that  a  slight  motion  will  pass  the  flame  of  coal  gas  through  aper- 
tures under  400  to  the  stjuare  inch,  we  may  suppose,  till  deci»«e 
e^eriments  confirm  or  contradict  it,  that  the  flame  of  fire-dan^ 
will  be  forced  through  similar  openings,  as  the  passa^  of  the  fianKt 
of  coal  gas  seems  to  be  made  by  mechanical  force.  Now  as  uoccr- 
tainty  commences  in  400  apertures  to  a  square  inch,  any  one  of' 
which  cannot  be  more  than  .^  of  an  inch  on  Ihe  side,  I  think 
danger  will  ensue  when  the  apertures  have  got  above  ■^  of  an  inch, 
on  the  side,  or  about  250  in  a  square  inch.  But  Davy  and  Murny 
must  settle  this  affair  between  them.  i"' 

With  regard   to  the  difference  between   Sir  H.  Davy  end-  iSs-' 
Buddie,  we  might  release  Sir  Humphry  from  the  suspidon  of;( 
iveie  we  to  reasou  as  souvg  have  done  -,  for  Mr.  Buddie  bel 
\ 
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^t  ^'  most  obscure  and  humble  class  of  people,"  the  colliers,  as 
they  are  called  by  Sir  Humphry's  friend,  the  Edinburgh  reviewer  ; ' 
which  colliers,  this  gentleman  says,  ^^  are  the  furthest  removed 
frMn  the  influence  of  science."  Hence  Mr.  Buddie  must  have 
eome  to  practical  results  in  the  rule-of-thumb  way,  and  cannot  be 
supposed  to  be  very  correct.  Should  any  person  start  the  objection 
to  this  argument,  that  Mr.  Buddie  is  an  ^^  enlightened  "  miner,  and 
cannot  err,  I  answer  that,  when  he  made  this  great  mistake^  he 
was  not  possessed  with  the  new  light. 
'  So  much,  Mr.  Editor,  for  the  apertures. 

•  Mr.  Children,  Sir,  commences  his  third  paragraph  with  a  quota- 
lion  from  my  remarks,  which  he  calls  very  obscure,  and  says  it  ciaa 
idurceh/  be  called  English.  As  there  is  no  intermediate  style  be- 
tween the  English  and  not  English  expressions,  I  think  Mr.  C, 
i^hile  he  is  finding  fault  with  me,  expresses  himself  "  very  ob- 
gbtirely."  Mf.  C.  may,  if  he  thinks  proper,  point  out  the  supposed 
dtefect  in  this  sentence,  and  his  doing  so  will  enable  me  to  avoid  a 
limilar  error.  In  the  mean  time  I  will  show  him  that  this  quotation, 
if  it  be  considered  as  bad  as  he  supposes  it,  is  countenanced  by  many 
Onperfectly  constructed  sentences,  which  are  to  be  found  in  most  of 
the  papers  in  favour  of  the  wire-gauze  lamp.  I  will  point  out  a  few 
such  sentences  to  Mr.  Children's  notice.  I  observed,  with  some 
degree  of  surprise,  a  grammatical  error  in  the  latter  part  of  the 
concluding  sentence  of  a  paper  in  the  Annals  of  Philosophy  for 
October  last,  by  a  John  George  Children,  Esq.  a  F.  R.  S.  "  ca//mfi^ 
itself'*  an  answer  to  Mr.  Longmire's  objections  to  Sir  H.  Davy  s 
lamp.  Part  of  the  sentence  is  as  follows :  "  unless  obstinate  pre-, 
jcrdice,  (yr  a  worse  feeling,  render  them  insensible  to  the  impressions 
of  truth."  Here  two  substantives  have  a  disjunctive  conjunction 
between  them,  and  require  a  verb  in  the  singular  number,  but  Mr. 
Children  has  given  them  one  in  the  plural  number. 

I  will  now  show  the  public  other  sentences  in  Mr.  Children's 
paper  that  are  inaccurately  constructed.  "  But  it  is  not  in  the  prin- 
ciple or  construction  of  the  lamp,  but  in  the  materials  of  lyhich  it 
is  mt  of  necessity  made,  &c."  The  "  not  "  is  a  superfluous  word, 
and  gives  this  part  of  the  sentence  a  ridiculous  cast.  "  The  com- 
pasp^  and  the  ship  that  steers  by  it."  We  al*!  know  that  ships  are 
steered  by  the  compass ;  but  we  never  heard  before  that  a  ship 
steers  by  it.  '^  But  perhaps  it  is  not  in  the  mere  screwing  on  the 
bottom  of  the  lamp  that  Mr.  Longmire  means  (though  certainly  all 
his  words  express),  and  this  sentence  is  intended  to  be  taken,  &c.'' 
What  all  my  words  express,  Mr.  Children  has  failed  to  inform  us  in 
this  sentence.  '^  But  I  have  done ;  and  willingly  meet  Mr.  Long* 
aiire  on  this  pointy  the  same,  indeed,  to  which  in  our  conversation 
we  agree  to  refer  k — the  experience  of  a  few  years ;  when  I  have  no  , 
hesitation,  &c."  It  is  easy  to  find  out  Mr.  Children's  meaning  in 
the^foriner  part  of  this  sentence,  but  the  latter  part  conveys  no  de-,^ 
finite  idea.  I  could  fill  two  or  three  pages  with  inaccurate  sentences  * 
nfUde.by  Mr.  Children,  Sir  Humphry  Davy,  the  Editor  of  the 
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Phil.  Mag.,  and  other  writers  in  favour  of  the  wire-gauze  hmpf 
but  I  will  content  myself  with  noticing  one  of  Sir  Huoaphiy's. 

This  sentence  is  to  be  found  in  the  Newcastle  Courant,  ainoiy 
Davy's  late  communications  to  that  newspaper  It  has  not,  horn* 
ever,  been  copied  into  the  Piiil.  Mag.,  probably  because  even  tbe 
Editor  of  that  work  was  ashamed  of  it.  Sir  Humphry  says,  after 
stating  that  he  had  been  anxious  to  answer  every  objection  to  his 
lamp,  ^'  But  I  do  not  think  it  proper  to  name  the  individuals  hf 
whom  they  (the  objections)  have  been  made ;  for  I  would  willingh/ 
consign  to  for^etfulness  those  who  do  not  deserve  to  be  remenk* 
bered."  Sir  li.  Davy  intended  to  write  a  sentence  that  would  ex- 
terminate opposition,  but  spoiled  its  aptness,  and  prevented  iti, 
effect,  by  inserting  forgetfulness  instead  of  oblivion.  It  would  be 
well  for  Davy  if  he  could  even  consign  his  opponents  to  JorgetjvU 
ness,  as  they  would  then  Jbrget  to  make  disagreeable  remarks  on  bii 
lamps ;  but  as  to  consigning  them  to  oblivion,  it  is  quite  out  of  the 
question ;  for  there  are  amongst  philosophers,  men  as  capable  of 
judging  on  this  subject  as  Sir  H.  Davy  or  his  friends,  who  do  doc 
think  very  highly  of  the  lamp  ;  and  there  are  many  amongst  niioen 
who  restrict  more  than  1  its  utility.  I'he  writings  of  some  of  the 
first  class  may  perhaps  be  read  when  Sir  H.  and  his  works  are  do 
more ;  and  of  the  second  class,  some  who  have  not  written  wiU  be 
long  remembered  by  |X)sterity  for  the  mining  operations  which  tbey 
will  leave  behind  them.  Consign  such  persons  to  oblivion,  indeed  I 
He  must  rip  to  the  hearts  of  thousands  to  get  at  the  good  impres- 
sions of  the  proscribed  persons  ;  for  where  the  heart  has  treasured 
up  good  remembrances,  the  tongue  will  often  disclose  them.  Con- 
sign }x;rs<)ns  to  oblivion,  indeed !  None  but  tyrants  or  insane  per- 
sons ever  think  of  such  a  thing. 

.  Would  Sir  H.  Davy  be  the  Grand  Turk  of  science  ?  And  has  he 
arranged  the  media  by  which  he  would  render  into  mutes,  and 
strangle  the  efforts  of,  all  who  will  not  echo  his  opinions,  or  wrlie 
in  his  praise  ?  Sir  H.  Davy  may  succeed  in  such  intentions  when 
the  King  of  Great  Britain  shall  tremble  at  the  Pope's  Bull;  or 
when  Sir  H.  has  brought  his  own  wire-gauze  lamp  to  perfectioQ— 
but  no  sooner  need  he  expect  to  succeed. 

The  first  two  quotations  from  Sir  H.  Davy's  papers  are,  of  them- 
selves, sufficient  answers  to  Mr.  Children's  principal  objections*} 
who,  after  admitting  that  absolute  security  is  a  want  tiiat  miners 
will  never  get  over,  has  detailed  out  his  remarks  to  very  little  pur- 
pose. As  it  would  be  giving  them  a  consequence  to  which  they  arc 
not  entitled,  to  enter  into  a  formal  refutation  of  all  of  them,  I  will 
content  myself  with  adverting  to  a  few,  and  will  leave  Mr.  Children 
the  option  of  recalling  me  to  any  one  of  them  that  he  thinks  de- 
serving of  further  notice,  and  1  will  presently  refute  it. 

I  have  not,  Mr.  Editor,  seen  any  thing  in  Mr.  Buddie's  letters 
which  amounts  to  '^  a  pretty  sufficient  answer"  to  my  remarks, 
that  few,  if  any,  practical  miners  will  hazard  their  credit  on  the 
unrestricted  assertion  tliat  the  lamp  will  yield  tbe  boasted  9«curity. 
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If r.  Buddie  may  have  written  letters  which  I  have  not  seen;  but  I 
believe  he  would  not  so  far  commit  himself  as  to  maintain  the  per- 
ftet  security  of  the  lamp.  I  have,  indeed,  observed  that  Mr, 
Biiddle  was  one  in  an  underground  party  at  play  with  the  wire-gauze 
Ihmp,  and  the  object  of  tl)e  game  was,  not  to  injure  the  lamp  by 
throwing  stones  and  coals  upon  it,  and  by  striking  it  with  picks* 

Now,  really  if  Mr.  Buddie  will  lend  himself  to — stop  a  little  !  I 
$m  wrong  in  this  instance.  ^^  Prejudice,  or  a  worse  feeling,"  has 
gut  the  better  of  my  judgment.  They  attempted  to  break  the  lamp, 
but  could  not.  ^'  Sophistry  is  now  put  to  the  blush, '  and  disappears 
jon  the  approach  of  Sir  H.  Davy's  resplendent  light !  I  shall  becouie 
fhe  third  "  en  Lightened  "  miner.  Yes  1  the  discovery  that  a  sharp'^ 
printed  pick  will  not  perforate  the  wire-gauze  lamp,  is  a  discoveiy 
wdich  is  worthy  of  the  name  of  Davy,  and  worthy  of  his  name 
only.  ^^  This  is  exactly  such  a  case  as  we  sliould  choose  to  place 
before  Bacon,  were  he  to  revisit  the  earth,  in  order  to  give  him,  in 
A  small  compassy  an  idea  of  the  advancement  which  philosophy  lias 
made  since  the  time  when  he  pointed  out  to  her  the  road  she  ought 
to  pui'sue." 

I  stated  in  my  remarks  that  the  collier  would  have  to  travel  in  the 
dark,  if  he  could,  as  soon  as  his 'light  was  extinguished.  Mr.  ChiU 
dren  says,  I  told  him  in  a  former  sentence  that  the  collier  could 
travel  in  the  dark.  This  is  a  mistake.  I,  however,  do  not  assert 
that  a  miner  cannot  travel  in  the  dark  in  the  strictest  sense  of  the 
word,  because  I  know  to  the  contrary  ;  there  being  some  places  in 
which  he  may  travel,  and  others  where  he  cannot  travel,  in  the 
dark.  In  both  situations  he  has  to  meet  with  difficulties  which  will 
often  make  him  vexed  at  the  constructors  of  the  wire-gauze  lamp  $ 
as  no  man  likes  to  be  running  his  head  against  pillar  corners^  falling 
over  pieces  of  coal  or  stone,  cutting  his  head  against  sharp  project* 
ing  parts  of  the  roof  stone,  and  perhaps  bringing  it  down  u|)on  hiid, 
and  breaking  his  legs  or  arms,  or  killing  himself  at  once  (though  it 
appears  from  Sir  U.  and  Mr.  Buddie's  experiments  that  ^^  large 
)>]eces  of  falling  stone  and  coal''  cannot  injure  the  miraculous  wire* 
gauze  lamp).  If  Mr.  C.  were  left  in  the  dark  in  a  safe  part  of  some 
mines,  and  be  forced  to  follow  the  miners  a  few  hundred  yards 
through  a  circuitous  road,  it  would  be  such  a  piece  of  experience  to 
him  as  would  prevent  him  from  extolling  lamps  whose  many  defi<* 
ciencies  are  mostly  greater  than  that  defect,  which  is  a  preventive  to 
their  being  lighted  in  safety  where  they  go  out.  Dr.  Clanny,  I  be* 
lieve,  has  succeeded  in  relighting  his  lamp  with  safety  in  any  situa* 
tion ;  and  1  am  sure  any  lamp  may  be  so  lighted ;  and  why  the 
Newton  of  chemistry  should  be  so  deficient  in  chemical  skill  and 
ingenuity  on  this  occasion,  1  am  at  a  loss  to  say)  but  probably  Mr. 
Children  can  give  us  a  reason.  ' 

'  Mr.  Children  says  ^^  the  screw  is  a  sad  stumbling  block  to  Mr. 
Longmire/'  It  never  was  a  stumbling  block  to  me ;  but  it  is  one 
•eter  which  Sir  H.  will  some  day  get  a  fall,  if  he  does  not  remove 
itv    Had  I  oonttructed  a  lamp  with  a  acrew  in  such  a  sUuatloa^  %xA 
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fastened  on  the  top  so  badly  as  to  permit  it  to  be  taken  off  to  cleiML 
or  even  to  be  rivetted  on^  I  should  have  trembled  for  my  characts 
as  a  mechanic.  No  living  child  ever  came  forth  in  a  weaker  state 
than  Sir  H.'s  lamp,  when  ushered  into  notice,  and  its  constnictidii 
will  be  longer  in  arriving  at  Mr.  C/s  "  common  sense  perfectkc,^ 
than  '%  child  is  in  reaching  maturity.  As  soon  as  I  saw  the  Iktiai 
I  suggested  to  several  persons  that  the  part  which  contains  the  wi(S 
and  oil  ought  to  be  put  into  the  cylinder  at  the  top,  and  the  meaps 
of  suspension  spring  from  the  bottom  of  the  lamp. 

Were  Sir  H,  to  adopt  this  way,  it  would  be  one  other  step  towarft 
perfection.  I  will  here  remark  tliat  Sir  H.  Davy  says  be  has  had  a 
cylinder  perforated  with  small  apertures,  hut  it  was  not  so  cheap  i^'  1 
the  wire-gauze.  Sir  H.,  then,  cannot  find  any  other  advantige  ' 
which  his  mode  of  construction  has  over  Stephenson's,  or  else  te 
would  have  named  it ;  for  the  paragraph  alluded  to  was  inserted  to 
do  injury  to  Stephenson's  lamp.  Now  I  will  tell  Sir  H.  that  I  expect 
to  be  able  to  show  him  and  the  world  a  better  lamp  on  Stephensoo'^ 
mode  of  construction  {wkkk  is  original)  than  he  (Sir  H.)  has  yet 
noade  with  wire-gauze. 

'  Mr.  Children  says  he  is  willing  to  meet  me  on  my  averment  tliat  j 
the  obstacles  which  the  lamp  has  to  meet  with  in  the  mine  haveiytt 
been  taken  into  the  question  so  much  as  they  ought.  I  here  espr^ 
my  willingness  to  meet  him  on  this  or  any  other  subject  that  is 
agitated  by  me,  as  I  consider  him  a  very  eligible  correspondent  yviA 
since  he  has  voluntarily  brought  himself  into  my  notice,  I  will  some 
time  or  other  let  him  hear  from  me  on  tliat  subject,  to  which  he  de- 
votes the  largest  p>ortion  of  his  time.  When  I  made  my  remarks  on 
the  wire -gauze  lamps,  the  double  wire-gauze  lamp  was  not  thought 
of.  This  circumstance  is  of  itself  an  answer  so  much  to  the  pur- 
pose, that  I  dare  say  Mr.  Children  will  not  meet  me  again  on  this 
jx)int  I  for  if  the  obstacles  which  the  lamp  had  to  meet  with  in  the 
mine  had  been  previously  taken  into  consideration  as  much  as  they 
ought,  any  additional  security  would  not  have  been  required.  At 
the  time  I  wrote,  Sir  H.  had  not  made  cx|)eriments  on  currents  of 
fire-damp ;  which  in  the  mine  are  obstacles  that,  of  course,  could 
not  before  have  been  much  considered.  This  circumstance,  and 
the  result  of  Davy's  experiments,  are  two  other  decisive  answers  to 
Mr.  Ciiildren. 

Mr.  Children,  Sir,  says  in  his  second  letter,  *^  I  6nd  I  was 
mistaken  in  supposing  the  lamps  were  made  solely  of  copper  or  brass 
gauze."  By  this  time  perhaps  he  will  have  found  himself  wrong  ia 
many  other  particulars.  He,  however,  makes  as  much  out  of  a  mis- 
take as  any  man  can  do.  It  appears  he  had  not  the  chemical  sagacity 
to  discover  "  the  fact  "  that  so  oxidable  a  metal  as  iron  was  *'  so  com- 
pletely adapted  "  to  the  purpose,  or  he  would  have  argued  the  ques- 
tion on  that  footing  in  the  first  letter,  and  not  evaded  it  by  saying 
that  brass  and  copper,  and  not  iron,  were  used ;  the  contrary  to 
which  he  must  have,  or  ought  to  have,  known,  before  He  could 
write  so  forwardlv.     But  now  he  finds,  when  others  tell  him,  that 
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Bon  is  '<  completely  adapted "  for  the  lamps,  and  he  contrives  to 
pike  it  a  circumstance  of  additional  testimony  of  the  safety  of  the 
|!(i{f^trument,  and  a  means  of  removing  the  remaining  doubts  of  the 
Mkmt  sceptical  minds — except  only  <^  such  a^  are  insensible  to  th6 
npressions  of  truth/' 
'  Had  Mr.  Children  examined  as  many  coal-mines  as  I  have,  and 
itieb  the  fire-damp  in  its  various  roodincations,  he  would  not  have 
(included  so  hastily  that  the  oxidable  iron  is  so  ^^  co^Hlpkteljf 
iiapted^*  for  the  lamps,  though  he  might  know,  we'rihe  well  ac- 

Ciinted  with  the  properties  of  metals,  that  it  is  better  adapted  to 
t  purpose  than  either  copper  or  brass.  Mr.  Children  concludes 
Ml  second  letter  in  a  way  that  betrays  a  considerable  want  of  can- 
jpur.  Two  persons  may  hold  different  opinions  on  the  same  subject, 
jjilher  or  neither  of  which  are  right,  without  either  person  being 
Opqscious  of  acting  from  prejudice  arising  from  ignorance,  obsti- 
pacy,  or  any  other  motive  of  worse  origin. 

..  Now  I  declare  that  I  do  not  care  the  value  of  a  peppercorn  for 
^e  indirect  stigmas  which  Mr.  Children  and  his  associates  throw 
bu^  against  roe,  as  one  that  differs  from  him  and  Sir  H.  on  the 
Ifmip-making  business.     But  I  am  not  so  intolerant  as  to  suppose^ 

er  shall  I  humble  myself,  and  disgust  the  public,  by  asserting  that 
r.  Children,  because  he  differs  from  mc  in  opinion,  is  ^'  insed- 
lible  to  the  impressions  of  truth."  No,  Mr.  Editor,  such  a  narrow^ 


r  ■    • 


minded  conclusion  I  expect  always  to  avoid. 

I  am.  Sir,  your  very  humble 


servant, 
John  B.  Longmirs. 


f  I 


Article   IV. 


On  S(ifeiy  Lamps  for  Coal-Mines,  in  yinswer  to  the  Letters  of 
,Mr.  Children  and  Mr,  Knight.    By  Mr.  Holmes, 

(To  Dr.  Thomson.) 

DEAR  SIR, 

I  SHALL  not  attempt  to  describe  the  feelings  of  pity  and  surprise 
piroduced  upon  my  mind  on  reading  the  letters  of  Mr.  Children  and 
a.  Mr.  Knight,  which  appeared  in  the  last  number  of  the  Phil; 
Mag-s  as  they  will  be  readily  understood  by  every  disinterested  and 
honourable  roan ;  nor  can  I  suppress  my  astonishment  that  a  Journal 
Which  ought  to  be  conducted  upon  liberal  and  scientific  principle^ 
should  become  the  vehicle  of  so  much  personality  as  is  displayed  la 
Mr.  Children's  letter. 

it  is  fortunate  that  there  is  another  scientific  journal  which  is  oon^ 
diictied  upon  Honourable  and  independent  principles,  and  that  its 

Figes  are  open  to  all,  and  influenced  by  none.  Through  this  medium 
make  my  reply. 


'  L 
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Mr.  Children  may  imagine — and,  according  to  the  policy  he  kn 
adopted,  he  appears  desirous  of  leading  others  to  inuigine**th«t  ay 
prejudices  against  the  wire-gauze  lamps  are  proof  against  convicdDi. 
In  this  I  beg  to  say  Mr.  Children  is  mistaken,  though  I  do  aneil 
that  these  lamps  have  to  surmount  the  objections  which  1  have  nwk 
'  before  they  aflfbrd  either  a  secure  or  a  serviceable  light. 

In  my  experiments  it  was  not  my  intention  to  discoi'cr  wbelki 
the  wire-gauze  lamps  were  suitable  for  ordinary  purposes^  for  I 
never  disputed  but  that  they  might  lie  equally  safe  with  a  coamaa 
lantern,  if  not  exposed  to  the  numerous  accidental  circuaistaiMti 
which  have  uniformly  produced  explosions ;  hut  my  object  (knoveiog 
these  accidental  circumstances)  was  to  ascertain  whether  tliey  woiU 
be  safe  for  alt  the  requisite  uses  of  a  coal-mine,  I  aseertainedthH 
they  would  not,  and  it  has  required  all  the  aljilities  of  the  disdo- 
guished  inventor  to  contend  with  difficulties  he  did  not  at  first  od^ 
ciilate  upon.  These  difficulties  I  have  progressively  pointed  aiit^ 
and  1  shall  be  happy  if  he  ultimately  succeeds  in  overcoming  them. 

It  is  necessary,  however,  to  prove  whether  or  not  my  experimeib 
and  objections  have  been  well  founded.     In  doing  this,  I  shall  not 
leave  the  public  to  depend  upon  my  assertions.     The  experimeoti 
quoted  by  Mr.  Children  were  instituted  in  JuTie,  and  previous  to 
that  period  the  public  were  not  in  possession  of  any  observations  from 
Sir  Humphry  Davy  relative  to  the  principal  points  touched  upoo  ia 
the  paper  from  whence  Mr.  Children  quotes.  In  July  Sir  Humphiy 
Davy  published  his  ^^  Additional  Practical  Observations,"  which  I 
am  pretty  well  aware  resulted   from  his  experiments  at  the  Roysl 
Institution  after  my  experiments  were  made  known.     Immediately 
on  their  being  printed,  I  transmitted  that  gentleman  one  of  my 
papers  ujX)n  safety  lamps.     Previous  to  that  time  lamps  with  576 
apertures  to  tiie  square  inch  were  recommended  for  use,  as  will  ap- 
pear from  Sir  Himi})hry  Davy's  pap^T  to  the  Royal  Society  published 
m  the  Philosophical  Transactions,   1816,  wherein  he  says,  'Mroa 
wire-gauze  of  3^  and  of  24  apertures  to  the  inch,   or  of  576'  to  the 
square  inch,  appeared  safe  under  all  circumstances  in  explosive  mix- 
lures  of  coal  gas.     Sir  Humphry  Davy  will  now,  I  have  no  doubt, 
admit  that  these  experiments  were  not  consistent  with  the  trials  a 
lamp  must  undergo  in  a  coal-mine,  at  least  I  conclude  so  from  his 
Additional  Practical  Observations,  wherein,  exclusive  of  strongly 
recommending  the  use  of  a  double  wirc^^auTx  cylinder^  he  says, 
"  In  adopting  from  SO  to  26  apertures  to  the  inch  (from  900  to  6/^ 
to  the  square  inch),  and  wires  of  from  ^^  to  ^^  of  an  inch  in  thick-* 
ne^s,  even  single  lamps  are  secure  in  all  atmospheres  of  fire-dam|K 
Now  it  is  rather  singular  that  fire-damp  requires  100  more  apertures 
to  the  inch  than  coal  gas,  which  is  by  far  the  more  ready  of  the  two 
to  pass  explosion  through  the  wires.     The  fact  is,  I  proved  them 
insecure.     Sir  H.  Davy  afterwards  found  them  so;  and  then  1  ant 
told  that  my  objections  are  prejudiced  and  ill-natured.     What  can 
be  more,  palpable  than  that  they  were  blazoned  about  intfaefiist 
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Ifeige^f  tbeir  insecurity  as  completely  perfect  \  a  merit  they  have 
ipcit  yec  attained,  nor  ever  will  attain. 

.<i<lli  regard  to  Sir  Humphry  Davy  having  known  the  effect  of  codl 
iiost,  -  pyrites,  &c.  floating  in  the  atmosphere  of  a  mine,  before  me, 
■md  consequently  that  he  knew  the  effects  of  currents  of  fire-damp, 
I  can  only  say  that  this  does  not  appear  probable,  from  what  I  have 
kefbre  stated,  or  from  the  postscript  to  his  paper  in  the  Phil.  Mag. 
br  Oct.  1816,  p.  201,  wherein  he  says,  *^  The  experiments  above 
^•tailed  on  the  blower  are  the  first  I  have  made  upon  currents  of 
j/ke'damp ;  and  in  the  same  postscript  he  recommends  gauze  of  a 
^lill  ^fitter  texture  than  before :  and  that  coal  dust  will  fly  off  iti 
-tjlarks,  I  refer  Mr.  Children  to  Mr.  Buddie's  letter  in  the  Journal 
jd  Science  and  the  Arts,  No.  II.  p.  103. 

-  Mr.  Children,  after  describing  his  apparatus  for  experimenting 

,ffoa  the  lamps,  says,  ^^  In  a  feiv  seconds  about  two  inches  of  the 

wipe-gauze  became  red-hot;  and  by  continuing  the  blast  from  each 

Uftdder,  it  rose  almost  to  whiteness,  the  heat  being  greatest  at  the 

iit  t^pposite  the  jet  of  atmospheric  air — at  this  point  the  exterior 

ns  exploded."     Sir  H.  Davy,  in  his  paper  in  the  Phil.  Mag.  for 

©ct-  p.  198,  says,  "  The  wire-gauze  is  impermeable  to  the  flame 

<tf  aU  currents  of  fire-damp  as  long  as  it  is  not  heated  above  red- 

;  but  if  the  iron  wire  be  made  to  burn  as  at  a  strong  welding 

,  of  course  it  can  be  no  longer  safe,  end  though  perhaps  such  a 

tmtqmstaoce  can  never  happen  in  a  colliery,  yet  it  ought  to  be 

<kno«in,  and  guarded  against;  and  if  a  workman  having  a  single 

'-Itimp  should  accidentally  meet  a  blower  acting  on  a  current  of  fresh 

9flr^  he  ought,  on  finding  his  lamp  becoming  hot,  to  take  it  out  of 

the  point  of  mixture,  or  secure  it  from  the  current.''     I  will  refer 

Jtfr.  Children  again  to  the  experiments  stated  in  the  same  paper,  be- 

<£irc  I.  G.  Lambton,  Esq.  when  the  flame  of  fire-damp  passed 

^gle  cylinders.     Sir  H.  Davy  says  much  about  the  current  on  this 

occasion;  but  I  presume  neither  he  nor  Mr.  Children  will  say 

ihait  a  stronger  current  of  air  is  not  frequently  to  be  found  in  almost 

aoy  oldand  dangerous  mine.  It  might  not  be  in  the  colliery  Sir  H. 

Davy,  descended  or  went  into  at  Wallsend  (or  Kenton),  which  is 

•ae-of  the  safest  in  thb  district ;  but  he  probably  might  have  found 

liMiii  bad  he  gone,  as  Dr.  Clanny  and  myself  did,  with  his  insulated 

Ipunp,  unheedingly  through  a  labyrinth  of  foul  workings. 

,   But  1  will  put  it  in  another  position,  and  suppose  tliat  no  danger 

<to  exist  unless  the  wire  be  brought  to  a  red  or  white  heat.     This 

will  occur  in  almost  every  case  when  the  lamp,  by  any  accident,  is 

left  for  fkfew  seconds  inclined  in  an  angle  of  about  45^,  or  when  a 

ttroDg  current  of  air  blows  upon  the  flame  for  about  half  a  minute. 

Now.  I  will  leave  it  to  any  of  your  readers,  who  understaiKi  the 

pnociples  of  mining,  and   know  the   carelessness  of  miners,  to 

aaeertain  how  many  accidental  circumstances  might  in  the  course  of 

aigreqr  occur  to  place  a  lamp  in  the  above  situation  in  an  explosive 

fttmptpberc  f  .so  that  Sir  H.  Davy  has  fallen  into  Scyllg  in  avoiding 
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Clmrybdis ;  for  llie  large  wires  permit  esploacm  to  pass,  I 
small  wires  reduce  the  securiiy  between  contingencies  i 
and  I  can  assert  that  none  of  these  little,  though  positive  an 
will  adect  either  tlic  steam  lamp,  or  the  original  in&ulated  li 
vented  hy  Dr.  Clanny. 

Mr.  Children  says,  "  Nothing  but  a  current  of  air  ditectingltaV 
fiame  with  great  force  to  one  point  can  heat  the  gauze  Kulfiriertlf  J" 
for  flame  to  traverse  it;  and  should  such  a  cnrrcnt  be  met  wtlh  kV 
the  mine,  it  must  inevitably  extinguish  the  light."  This  1  dtflj,  I 
particubfly  if  tlic  current  be  formed  by  a  hlower  of  gas  diluted  mk  f 
atmospheric  air,  which,  by  acting  for  a  few  seconds  upon  one  ptrinl,  !■ 
would  pass  the  explosion;  and  Sir  H.  Davy,  in  his  paper  in  tk  1^ 
Phil.  Mag.  for  Oct.  p.  197,  ^y^i  "  If  *  blower  or  stfong  eurrentJf 
fire-damp  is  to  be  approached,  duuhle  gauze  lamps,  or  liinpi<  k 
■which  the  circulation  of  air  intercepted  by  slips  of  metal  or  ^li, 
ahould  be  used  ;  or  if  Ibe  single  lamp  he  employed,  ii  should  iflijW 
mil}  a  common  horn  or  glass  Icmlern."  Sir  Humphry  Davy  fMg^ 
that  blowers  frequently  break  out  without  any  previous  indica»io»rf 
such  a  phenomenon.  Indeed,  were  1  desirous  of  finding  out  anii*- 
swrraiHiB/Q We  objection  to  gauze  lamps,  it  would  be  furnished  byA« 
possibility  of  a  strong  current  of  air  having  generally  the  powerle 
extinguish  a  light,  which  under  all  circumstances  is  very  feeble.- 

In  the  course  of  Sir  H.  Davy's  trials  to  make  an  insulated  UiBp 
(the  details  of  which,  notwitl standing  Mr.  Children's  suppositin 
to  the  contrary,  lam  falk/  acquainltd  tvUfi),  he  accidentally  dis** 
vered  that  explosive  mixtures  of  gases  could  not  readily  be  pairtl 
through  narrow  tubes  or  perforations.  His  l^poihesis  upon  till 
point  is  not  yet  quite  satisfactory ;  but  I  shall  be  glad  if  the  leog 
train  of  modifications  ultimately  produce  such  a  lamp  as  mayannMr 
all  the  expectations  of  himself  and  his  friends.  1  admit  ihatMD' 
slant  use  is  the  greatest  proof  of  their  security.  But  coal-mtnetdt 
not  explode  every  day,  or  every  year,  even  with  naked  lights.  I 
contend  that  their  great  merit  is  yet  theoretical,  and  may  be  oimr 
thrown  by  a  few  moments  of  carelessness  or  fortuitous  circumstano* 
1  regret  that  Mr.  Children  should  have  drawn  me  into  faitktf 
controversy,  when  I  was  desirous  of  waiting  the  issue  of  liraejod 
experience.  I  have  never  objected  to  tlie  double  cylinder  hlRpt 
and  hope  my  fears  of  the  sufficiency  of  their  light  will  not  bcB» 
atantiated :  but  in  concluding,  1  must  remind  Mr,  ChildreiiitliH 
when  an  invention  is  one  thing  in  June,  another  in  Jidi/,  another 
in  y}ugust,  and  requiring  dowi/e  precaution  in  September,  thcolK 
jections  made  to  it  in  the  first  stage  cannot  lie  construed  applicable 
to  Its  progressive  changes,  neither  are  they  invalidated  by  the  better 
success  of  subsequent  improvements.  In  giving  Mr.  Children 
credit  for  his  high  feelings  towards  Sir  H.  Davy,  I  beg  to  remark, 
that  I  glory  equally  in  the  friendship  of  Dr.  Clanny;  and  bare 
more  reason  to  feel  myself  proud  in  defending  his  cause  in  regird 
to  the  lamp,  than  Mr.  Children  can  have  in  defending  that  of  Sir 
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ffi.Davy,  Dr.  Clanny  has  been  injured  by  party  spirit  and  popular 
ttpositioD ;  but  the  time  will  come  when  his  genius  and  philan- 
lofopy  will  be  acknowledged  by  society* 

'  I  have  in  the  course  of  my  writings  upon  this  subject^  and  par- 
ticularly in  the  paper  from  whence  Mr*  Children  has  made  some 
Eotations,  mentioned  Mr.  Stephenson  as  entitled  to  reward,  before 
r  H.  Davy.     That  I  am  not  solitary  in  this  opinion,  will  be  evi- 
lent  to  Mr.  C,  by  reference  to  a  letter  of  R.  W.  Brandling,  Esq. 
)ai  the  Secretary  of  the  General  Meeting  of  the  Coal  Trade  at  Ndw- 
Baitle,  in  the  Tyne  Mercury,  Oct.  15,  1816« 
)"A  few  words  to  Mr.  Knight ;  for  which  he  may  thank  the  amity 
if  my  contempt.    Mr.  Knight  is  anxious  to  know  how  I  got  acceis 
ID  the  Gas  Works.    The  answer  is  simple*    I  quietly  walked  in  at 
Iha  eaieivay.    But  I  must  inform  this  champion  of  science  that, 
iud  1  kno^n  the  rules  of  his  establishment,  I  should  certainly  have 
Mquested  permission  in  the  first  instance  from  a  proprietor;  but, 
imonint  of  these,  I  proceeded  in  open  dayliglit  to  the  works,  where 
rkiquired  for  a  proprietor.    The  man  whom  I  asked  went  into  the 
iffioe,  and  returned  with  a  person  whom,  frodi  bis  appearance,  I 
MS  bound  to  consider  a  gentleman;  and,  without. further  inquiry,  to 
idmit  that  he  was  a  proprietor,  or  a  person  qualified  to  act :  at  all 
eventg  he  gave  roe  leave  to  try  my  experiments,  aud  called  a  number 
if?  Jieople  round  to  witness  them.  All  this  was  done  in  the  presence 
■C  several  perfect  strangers  (who  obligingly  gave  me  their.qamea)..! 
iball^  therefore,  leave  the  liberality  of  Mr.  Knigiit's  statement;: to 
ljb»  judgment  of  the  enlightened  readers  of  the  Annals;  and  ihoogli 
hit  seems  very  anxious  to  disclaim  any  participation  in  my  ex^eri* 
nents,  I  do  not  see  the  necessity  of  his  precaution,  as  hitraiaine 
MM  never  mentioned ;  and  if  I  may  judge  from  this  exterior  indnc 
of :  his  principles,  it  would  not  have  done  me  much  credit  i£  it 
fad. 

rf  To .  conclude  :  Mr.  Children,  in  the  course  of  his  philosophical 
«iid  dispassionate  paper,  digresses  into  the  following  expreasons^ 
which  app^r  new  in  science,  viz.  insinuations^  ignorance^  envy, 
iiiotf  madman,  caviller^  spleen.  It  roust  be  a  bad  cause  which 
-alMids  in  need  of  such  subterfuges  as  Mr.  Knight's,  or  of  the  per- 
fsnai  and  s^rurrilous  expressions  of  Mr.  Children ;  and  I  appeal  to 
•Ally  liberal  roan  whether  spch  an  antagonist  in  the  fervour  of  his 
itiend&hip,  deserves  another  word  from, 

■'  Dear  Sir,  yours  very  truly, 

,  MiMh»pwi€arm9uthy  Oct.  13,  1£I6.  J.    H.   H.   HoLMBS. 
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A  Comparison  of  the  Temperai 
AntrcLi!  V. 


nirfi  Cwfl/Jflrisoffl  <ff  ike  Temperatvres  at  Tollenkatn  OnS  PJtJUt 
sv  By  James   Ftw,  juD.  Esq. 

•''■'^',  (To  Dr.  ThomsonO 

Jl,'(,     ,  Sift)  Plymeulh,    Jot. 

t>»r)AJtiDiiR  the  liead  Metcorolof^  in  tlie  ^Hmi/f  for  Jatiuiirj  IM| 
you  have  slated  it  (from  tlie  avenige  reSulte  of 'tciDpeTBtuneJMll 
WRmer  durmg  the  summer  months  of  1814  in  tlic  west  of  KegfalJ 
than  in  the  moK  eastern  part  of  the  kingdom.  1  rait  appreliMJII 
that  those  wlio  read  that  statement,  without  troubling  thcmsehafl 
examine  bi  decail  the  journal  kept  at  Tottenham,  and  that  whictii 
registered  at  Plymouth,  will  not  arrive  at  sufficient  inforniatioB. 

For  although  it  be  true  that  the  average  temperature  hub 
greater  at  Plymouth  than  at  Tottenham,  yet  as  both  average  Wl 
were  made  of  exiremes,  it  may  not  be  amiss  to  inquire  furthov^ 
asccFtaiH  to  what  changes  the  inhabitants  of  each  place  are  id) 
espoied.  Such  an  inquiry  tvould  decidedly  prove  that  in  the 
m  England  a  more  equal  tenjperature  is  preserved  than  in 
psrts  of  the  kingdom.  In  the  summer  months  we  have  lea  hwi^f 
day,  and  less  cold  by  night ;  and  In  winter  are  warmer  both  by  ni^ 
and  [lay  than  at  Tottenham.  These  are  circumstances  of  moA 
importitDCe  to  invalids,  and  it  is  on  their  account  chiefly  I  lioutii 
yon  with  these  observations.  Indeed,  to  ascertain  the  dally  ratfi 
of  the  thermometer  (by  means  of  a  self- registering  one),  for  W 
infonnation  of  the  medical  profession,  n'Hs  the  principal  objectl; 
lad  in  Tiew,  when  I  first  proposed  keeping  a  journal  of  the  weslttft , 
thai  by  putting  them  in  possession  of  facts,  regularly  recorded,  tli?, 
might  the  better  ascertain  the  superiority  of  the  temperature  of#i 
west  of  England,  than  by  merely  common  received  opinicm,  w!A- 
ont  such  aid.  -I 

And  here  I  cannot  refrain  from  expressing  a  wish  that  all  ^ 
publish  their  meteorological  observations  would  adopt  one  m(*^'ff 
keeping  their  registers.     Comparison  with  each  other  wooU-** 
•    much  facilitated  by  it.  '^ 

.  Jf  the  changes  of  the  barometer  and  thermometer  were  tote 
traced  on  a  scale  of  any  given  and  approved  dimenEtons,  vto\^% 
not  be  the  most  pleasing  manner  of  noting  them?  The  dsilj 
maximum  and  inlninmni  of  temperature  would  thereby  becOj^ 
obvious  without  the  fatigue  of  searehing  over  "  closely  pswW 
columns  of  well-arranged  figures."  The  eye  would  be  at  oncestrsct 
wiili  any  change,  and  woulflas  quickly  see  on  what  part  of  thcdaj', 
month,  or  year,  it  had  taken  place.  Five  minutes'  comparison  cf 
two  such  scales  filled  up  at  diffirent  places,  would  giveamutli 
more  satisfactory  idea  of  the  temperature  and  changes  of 
plac^  than  liie  closest  esaniinaiiou  of  a  common  jourual 
the  slate  ol  the  wind  by  the  Initial  letters,  and  other  oi 


oijjf^^j*^ 
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pproved  short  hand,  were  written  at  the  hottom  of  each  daily 
mn,  it  would  render  it  a  complete  register  in  the  most  compact 
•  The  variations  of  die  barometer  would  instantly  foe  traced  to 
inge  of  wind  or  temperature ;  and  by  observing  the  alterations 
eather  which  accompany,  or-quiokly  foHow,  such  changes^  we 

be  enabled  to  forq;)  a  tolerably  correct  opinion  of  weather, 
^ance  being  made  for  the  extreme  uncertainty  of  our  climate* 
inclose  a  statement  extracted  from  Mr.  Howard's  register  and 
»wn,  containing  the  monthly  nverage  ofthe  Zintf^*A^/^  also 

of  coldf  together  with  the  gr«i/tf5^  range  o!  the  tliermomerer 
ig  each  month;  by  which  (the  changes  of  temperalnrc  f^e 
Q  to  be  macfa^neater  near  the  metropolU  thati  m^the  y/iMi^" 

I  am,  &o-  ^     •'»' 

:  -Jamas  Fox,  yM. 

S..  Will  not  the  hygwMneter  coatrived'rlfy'  Mr.  Wlfeou  be 
ted  by  change  of  temperature,  as  well  as,  by  ti%  altetation  of 
itn^osphcre  from  dry  to  moist,  &c.  ?     *  *  r.  ?  . '    "^ 


..r* 


7n»parisort  qf  ike  Temperature  ofTaUeMiitm  <afd  Ptyntrntftfir 

^  Ttuo  Years.         -  -     ■  •'         -■'■■^ 


1^14. 


i* 


.i. 


Maximyin 

A^orage 
*   "at 


39-10 
48y74 

61-4^ 
61-03 

^65'07 
75-19 

•74^86' 
65-95 
5606 
46-SO 
45-38 


MMCimitiB 
4i4tto 

at' 
Pl^moutb. 


S6-450 
43-95 
.:  48e90 

•  <63«64 
iB4-40- 
70-54 
«9J2 
66-50 
56-35 
48*33 
47-61 


Monthly 
AvarDge 

>t 
Jatteah^m. 


20'«7'o 
:«7'25  ■ 
31<90.. 

.40-00 
46*75 
54*33 
66']  3 
44*54 
97-67 
S3'59 
35'08 


Minimum 

ditto 

»  ■■ 

at 
Plylnotttb; 


TT 


27-29^ 

32:6*': 

33*83:- 

44-28 

45  09 

50-76 

66-03 

54^45 

61-89  * 

43-29 

38*36 

39-43 


Greatest 
fi^MfS  of. 

ThVgim. 
«|eiQr.4t ' 


38.  I  un^ 

-^•'  ^  IT 


<:.  > 


33 
31 
SO 
29 


IS 


1^15. 


r    It 


M         I 


60^- 
■!^-5Sr 
^8-30:... 
^9  90^ 

•71*7^ 
7ar28 
67-55 
59-58 
45^ 
48*10 


.Tj 


3909 

'BO'44 

^■09 

67-30 

.64  52 

68*?0 

j89W 

69«94 

.66-83^^ 

59  03 

^*-S9- 

.43.'34^ 


«7*70 
■38*28 
39-36 
38-83. 
47-5^4 
47-79 
50-62 
5l-8t 
43-10 
41-55 
^1*82 
.S&'48 


t 


29-00 
41-27 
42*16 
4087 
48-24 
51-63 
58*97 
53-88 
51*^ 

301« 
3^89 


:'iJ 


i 
j6 

A 

9 

r 

14h 

4' 


^1 


2'B  2 


456 


Register  of  the  Weather  in  Pb/nunUh. 


Articls  VI. 

Megisier  of  ike  Weather  in  Plymouth  for  the  first  Six 

1816.    By  James  Fox^  jun.  Esq. 

(With  a  Plate.) 

JANUARY. 


1 

'  \ 

Date. 

WW. 

Rain. 

Obsenratiooi. 

1810. 

. 

Jaib  1 

£      ' 

Fog,  morn ;  fair  day. 

8 

ENE 

Fair ;  cloudy  at  night. 

•  ■:     '^-  H 

"     ■    -WW 

0*10 

Sbowen  early,  mora ;  fair  di 

4 

WNW 

Miity. 

5 

WNW  to  SW 

Ditto. 

6 

W  to  W  N  W 

Ditto,  morn)  cloudy  and  higli 

7 

WNW 

Cloudy.                                    * 

•1          W 

0-30 

Misty,  morn  ;  high  wind  and 

91           V«r. 

0-80 

Ditto,  ditto ;  showers. 

IW         WKW 

High  wind ;  cloudy  and  fair. 

11 

W 

0-38 

A  gale  of  wind,  and  heav^ 
hail  and  rain.                 ■     ■ 

18 

S  W 

0*51 

High  wind ;  cloudy  and  fair, 
showers,  aftcrn. 

IS 

WaodSS  W 

Ditto ;  cloudy  and  fair. 

14 

NW 

0-10 

Showers,  moro :  cloudy  and  1 

15 

88 £  to  WNW 

0*61 

Heavy  rain. 

16 

W  to  8 

1    \ 

Cloudy  and  fair ;  heavy  rain 

gale  at  night. 

17 

S  to  W 

>   0-60  I 

Heavy  gale,  with  rain,  mora 

t 

sleet,  aftern. 

18 

W 

^ 

High  wind:  showers, morn;  c 

19 

NW 

0-78 

Heavy  rain. 

,30 

N£  to  S 

\   0-47   1 

Ditto;  stormy  at  night. 

81 

BNK  to  WNW 

Showers,  morn  ;  cloudy  and 

88 

..  N  W  to  W 

Cloudy. 

8S 

N  £ 

1        r 

Cloudy  morn;  showers,  aftc 

• . . 

>  0-27  \ 

and  fair  eve. 

84 

E  to  £  N  E 

J              I 

Showers. 

89i 

N  E         ■ 

Cloudy. 

80 

NW 

Ditto. 

87 

N  E 

Ditto. 

88 

N  E 

Fair. 

89 

E  to  E  S  E 

Cloudy. 

80 

SE 

High  wind ;  fair  mom  {  cloi 
aftern. 

81 

• 

SE 

■ 

Ditto;  cloudy  mom  ;  ditto, i 

*     '.  I' 

4-22 

Inches  raiu. 

Barometer :  Greatest  height 30*40  f  nchet 

lowest 28-94 

Mean  .29-639 

Tbermometer :  Greatest  height 51^ 

Lowest 28 

■.  ..-B--.-^  — r  — -.  Wfaa  ..-««-■-*  ^>  «A  %.vj  <  <,*-v%  j» « «  % » «  ^*i ig.._. 


EK  at  Plvmoutli  Ji 


ISlGj  Begitter  of  the  Weather  in  PU/wmth. 

FEBRUARY. 


Ml 


1816. 

Feb.  1 
2 
3 

4 
h 

6 

7 

8i 

9 

10 

11 

12 

13 

.  14 

15 

161 

17 

16 

19 

S(^ 

21 

22 

S3 

24 

85| 

26 

27 

28 

29 


£N£ 

£  to  S 

8 

WSWtoWNW 

Var. 

Var. 

N  R 
N  E 
N  £ 
Var. 
N  £  to  N  W 
N  W  to  E  N  £ 

Sto  WN  W 
WNW 

W 
WNW 

NW 
NW 

WNW 
S  W 

s 

8£ 

S  to  W 

W 

NW 

W 

N  W  to  N  N  E 

Var. 


0-51 
0-4S 


OJ^senrations. 


I        ^'^    i 


006 
0*10 


0*05 
0*04 

0-05 
007 


Cloudy  and  fiiir  morn ;  dondy  aftern. 

Misty  morn;  heavy  rain,  aftem. 

Heavy  thoweh. 

Glondy  and  Mr  day  t  flUr  eve. 

Clottdy  morn  |  hlgii  wind,  and  heavy  raiui 

aftem.  and  night. 
Heavy  ra^n  early,  morn  i  fhffwery  exf* 
Hirh  wind ;  elondy }  a  IHtle  mow.. . 

Ditto ;  a  snow  ibower. 

Fair. 

Ditto. 

Vog^  mom.  I  fair  day  |  dandy  and  fkir  at 

night. 
Cloudy  and  fair. 
Ditto;  fog  at  night* 
Thick  weather. 
High  wind;  cloudy. 
Ditto,  ditto. 
Fair  mom ;  cloudy  afltan.  |  misty  and 

high  wind  at  night.  ■ 
Cloudy. 
Thicl(  weather. 
Showers. 
Cloud  jr. 

Ditto  and  fair  mora ;  fair  aftera. 
Cloudy  mora ;  thick  iifteim. ;  higli  wind* 


2-77 


High  wind;  Udck  weather. 

F Jr. 

Misty  mora  ;  cloudy  day. 

Showers ;  fair  at  night. 

Fair. 


Inches  rain. 


Barometer:  Greatest  height p, 30*89  inches 

Lowest ^ 28-78 

Mean 29^841 

Thermometer:  Grcatrst  height , 63^ 

Lowest  • 20 

Mean 88*844 


:5 


w 

Var. 

tr-. 

NS 


MARCH. 


March  1 

2 
3 

■y.    % 

,5 
6 


8 


£N£ 

Var. 

S  to  W 

S  to  WNW 

Var. 

S  to  8  W 

8  to  W 
E  to  N  W 


0*43 
0*28 
0-i* 

QUI 


^tm 


Snow  showers,  mora ;   elondy  and  fair 

aftera. 
Heavy  showers'. 
High  wind,  and  ditto. 
Showers.    - 

Cloudy  day ;  rain  at  night. 
High  wind,  and  hail  showers ;  elondy  and 

fair  at  night. 
Heavy  showers ;.  hail  and  rain. 
Showers. 


'^m' 


UK 


Mifgitm  df  ike  tTuMef  f»  flyMoM  {Die. 


1816. 
10 
11 

\^ 

IS 


U 


»»  wMr» 


irww 

KW 

sw 
ir«w 

SBto  NW 

KW 

yW  ta  NE 

S8E  to  N  W 

MW  to  £ 

N  E 

K  E 

VI  ■;. 

N  E 
£ 
B 
E 
£ 


Raie. 


0« 


0« 

e 


I  ^^  I 


J 


0-10 


8ii#*#  Ao#ers,  nom^  fiaiTaCiiTgliC  - 
Fair  morn  |  clofMiy  aid  fiiir  afl£r]^^ 
*    at  nidit. 

iBigh  wTnif,  aD4  heavy  MiH. 
Hifto,  ifftto. 

doudy  and  &i#  }  ifltsfy  (S  AlgAt. 
3tticfc  iKg^er;  heavy  fliln,  and  if  ^e, 

▲letere  pUe  hi  the  eatly  fiari'of  ifeilay ; 

A  calm  at  ai^t. 
BBtevy  raioy  atom;  bt|h  ■wind;   doody 
-  aiid  foir  aftem. 
ttmreryday;  cloody  tftftf  iair  at  i^ht. 
Atfwen,  :and  Mgh  ^rttd. 
Ctoiidy  and  fiu#  dtoffk-^  sHoWM,  allta. 
Fah*  day  i  doiidy  at  ni§M« 
llbity  day  ;  ditto.  < 

Ctftedy  and  fai}'.      ~ 

Ditto. 

Bt^  wind  s  €l0ady. 
Ditto,  dittm  ,:*?     , 

thito  ;  fair.  '  ^ 

Ditto,  ditto. - 

Mttot  clo«dyiMftflv     ' 
Ditto,  ditlo. 
Ditto,  ditto.  -^ 

Ditto;  fair. 


3-55 


j^ 


tAAts  fain. 


Barometer:  GreifesC  hefght 30*33  inches 

Lowest   28*^ 

Mean v 2*^08 

ThenuivieCer :  Greatest beigftt ;...<^ 53^ 

Lowest 24 

Mean 40-m 


WifA 

KB 
Var. 

NNE 


APRIL. 


u. 


nil  i    I  i—*ii^ii  ii 


••^^ 


lIlKI^ 


April  1 

3 
4 
& 
6 

7 
8 

9 

^         10 

11 

lit 

13 


14 


E 

EI^E 

E 

N  E 
£  to  N  W 

N  W  to  W 

WNW 
Var, 

N  E 

NNW  to  NN 

S  £  to  If  B 

E  tU  If  W 

N  W 

NW 


i^mm 


Ri^h  wind  ;  clondfy  and  fair. 

Ditto. 

SJbowers,  morn  ;  cloudy  aftem. 

Diottdy  and  feir. 

Ditto,  ditto. 

Ditto,  ditto ;  showers  at  night* 

Hlgb  wind,  and  bail  dttoififas. 

Cloudy  and  fair  mom ;  showers,  ^tem. ; 

fair  at  alght.  '   ^  ^ 

ftltio,  ditto.  ■'  *' 

fmowerft.  '^  ''•   ■ 

Dttt6. 

'J^air  morn  ;  slower8;%il<J(ti4  ';^ 

Cloudy  and  fair ;  a  moi^ei,  ■'^■ 

jMow  shpwersfabont  fflrg  If^/db/CB  d^fa^. 


ISM$ 


Bgitm  9f  il»  KHfliei^ii  «<»wHlAi 


«»- 


D«le. 

WUaL 

'   Ooia. 

.    W»*'-Tfli«>»ii       i     .,: 

1816. 

'    1H1 

Apr.  16 

'■    W<A*W 

(HR- ' 

ra<liidyi»i>ro(  ih(wr«rH"*Wo.      ■*'-:■ 

.n 

.  W  tft  .W  *.!«(> 

£iri-;rc,Sf««„,'' 

19 

8  W  i«  V 
W  toKW  - 

W 

»ft 

IVIt.,  dlilo.  ,                 i.   .               VP 

21 

B 

Hiir.          -■                  ,  -^         ,i  i 

fit 

as 

E 

«.'} 

^  ditto.             -'•"■"      1K' 

BSE  to  V 

^,d.y,  f^irMi^rtt.,    .      ,,:, 

-.    N  B 

V»r. 

«ilto.                                               i  "^ 

SU9B 

INlt«,  cloodrUBlgML/ 

-S 

S  E  to  ff  »  W 

-•.  ■  WNW 

..0-30 

S,;'^*'^''**^^'?^^*^' 

I'lO 

IM.r.t>.         .     «->^,.    j,«     ..; 

.'-    ■                '■■■       ;i.,--.T!tf-    -N'- 

■    .:.-'■'■         :     ii  ^  w^-ii- 

BsTomrler:  Gmtcitheiibt,.. SO-dDloclMf'  '•.     SB''' 

Lawtst  ^^„, M-U                       Vm... 

HeoD..    ---.: M-flBS 

Tker 

iiiometcr:Orw>tal 

LoWNt 

Ucan.. 

leli^ ..., OT»                           N 

i"'. 

.?!.::;:;:;::::::::«       i   .»  r^ 

,...„,.,. *5-  00         7 

T 

■;^    ;;■;  ■     /,  Jjf^r--      ] 

*■ 

Maj  1 

-     B«.8SE 

Oondy  mnrn ;  cloudy  o^d  fair  aflera. 

8 

W 

OSS 

Heavy  shoneraFacly,  piorRi  dilt«f|ay. 

3 

W 

}-{ 

Rino  wp" ;    cloudy    d^  I    b]g&  wiod, 

aflwn. 

A 

WIbSW 

High  <,i«n  =i»».rty  -".^  tfi^i"*  i  *>^"« 

at  nigbl. 
Ditto,  d[llo. 

5 

W 

6 

■w 

Bi.tfi,  ditto. 

7 

SSE  to  W 

0-07 

Jhoweri ,  ralUrr  miilj. 

8 

B  in  W  N  W 

O'Si 

Hea»y  diowera  j  cloudy  and  high  wind  at 

uighl. 
pi|h  HiDd  ;  cloady  and  farri  B  lanc^tfthl 

9 

ITHW 

Toundihemaon.             '             ,, '-.      , 
Qillo,   and  haivy  staDw;en  early" '  a.ij«i 

«lai>dy  day.                                     f; 
Pitlo,  and  shoiwer,.                      I^; 

ID 

wxw 

033 

11 

WNW 

}«{ 

18 

NNW 

p^to,  ditto.                                      ^ 
pJipwrn,  uorn  i  cloudy  and  bir  Ay. 
¥hi<-k  weather.                                 " 

13 

wawteMW 

l« 

S  d  10  E  M  £ 

O'S* 

IS 

8.  ($•«  . 

MJEty  morn  j  doady  »l»au          ,^ 

^r  day  ,  di^taat  ligMni«£  at  oiJb. 
B«avy    showers    early,    .jBoni  (TTdondj 

16 

BSto  !i 

}-{ 

n 

18 

NW 
ENE 

pflerp.  I  fait  at  pijhj,  -    ,    .       >,> 
Cloudy  aod  tajr  monii  rairjiflent, 

J 

..^^11 

440 


R^iiter  of  the  WealhBr  m  PlgmmMi. 


\ 


• 

Date. 

Wind. 

Rain. 

Obsenrations. 

1816. 

• 

May  123 

ENE 

t^ir  day ;  cloudy  at  night. 

24 

E  N  E  to  S  W 

Clondy  morn ;  raistj  afiern. 

25 

S  to  W  N  W 

{    0-59    j 

Misty  morn  ;  showers,  aftem,     . 

26 

S8W 

Hifb  wind  ;  cloudy  and  fair  day ;  showen 

at  night. 

27 

Var. 

Clondy  mom;  cloudy  and  fair  aftern. 

^88 

S 

Cloudy  and  fair. 

29 

S  S  W  to  W  N  W 

Ditto  day  »  fair  at  night. 

50 

SW  to  WNW 

Ditto. 

31 

WN  W 

Cloudy. 

'  2-TO 

inciies  rani. 

Barometer:  Greatest  height '30*11  Inches 

Lowest   29*27 

Mean  29-780 

Thermoneter:  Greatest  height 70^ 

Lowest  36 

Mean  ,..., 51*983 


Wind. 

ss  w 

WNW 

ENE 
WNW 


JUNE. 


pp    ^    n  mw< 


*im- 


ine  I 

Var. 

Fair. 

^ 

NW 

Cloudy  and  ditto.                                    -    - 

3 

NW 

Ditto;  high  wind. 

4 

N  W 

Ditto ;  fair  at  night. 

5 

NW 

High   wind  5  cloudy  and  fair ;  cloudy  at 

\ 

night.. 

6 

NW 

Ditto,  ditto,  morn ;  fair  aftern. 

7 

NW 

Cloudy  and  fair. 

8 

NW 

High  wind;  cloudy. 

9 

NW 

0*06 

Ditto;  showers. 

10 

NW 

Cloudy  and  fair. 

11 

Var. 

0*05 

Ditto,  ditto,  morn;. showers,  even. 

12 

S 

Ditto,  ditto,  ditto  ;  clondy  ditto. 

13 

S  to  N  W 

^ 

Cloudy  morn ;  misty  aftern. 

14 

NN  W 

Ditto,  ditto. 

1? 

NW 

I   0*20  . 

Showers,    morn :    fuisty  and   high  winJ^ 
aftern. 

16 

Var. 

<                 > 

Ditto,  ditto ;  cloudy  ^nd  fair,  aftern. 

It 

Var. 

Cloudy  and  fair.                                ' 

IS 

Var. 

0*35 

Heavy  rain,  morn  ;^  cloudy  and  fair  aftera, 
Cloudy  and  fair  ditto ;  i^ir  aftern.    ■ 

19 

Var. 

20 

Var. 

Fair. 

21 

S 

Ditto;  cloudy  at  night. 

23 

Var. 

Ditto,  ditto  ;  and  f^ir  at  ditto. 

23 

w 

Oil 

High  wind,  and  light  rain,  m^m  ;  cloudy 
and  fair  aftern. 

24 

WNW 

Ditto ;  cloudy  and  fair. 

25 

5W 

Fair  morn ;  cloudy  aftern^ 

26 

SW 

0*55 

Ifeavy  showers. 

27 

N  W 

Cloudy  and  fiiir. 

28 

NW 

Fair. 

29 

8  W 

1   0*09  1 

Cloudy  and  fair  day  ^  lights  rain  at  i^.igbt^ 

30 

S  W 

Ditto,  ditto,  morn  ;  light  rain,  aflem. 

• 

• 

•    ■                 ■            .            f        A                     -.*    ■ 

:.   V\\     \\ftt\iT^.,_::   _   ,r.:.. .-: 

18HtI)  Ikmiptim  of  Two  Cases  of  Tetom^J^  4kk^ 

...  rVjni,      ... 

Barometer :  Greatest  height ^09  inches  .  N  W 

Lowest , 29'36  NW      ''' 

Mean ::; :..  29-885  ^  ^/^ 

Thermometer :  Greatest  height  74^  NW    "'  ., 

Lowest , 38  Ys^r^    * 

Mean , , 53083 


Errata  informer  Communications. 


i 


•'J 


Mean  Temperature  of  May,  1814,  should  have  been  written  ..«,  53^4EP 

Ditto  of  January,  1815    t ,. •  S4:6| 

Pitto of  September,  1815    «.•••••  ^i^P 


Article  VII.  ^ 

-  Description  of  two  Cases  of  TetantiS^    By  Dn  Ctossl  .: . , : 

(Tq  Dr.  Thomson.) 

SIR,  Glasgow^  Sept.  2,  1818. 

Pleasb  to  give  a  place  in  the  Annals  of  Philosophy  to  the  two 
following-cases  of  tetanus^  t — ^ 

J.  Murdoch,  apprentice  to  Mr.  J.  Caldwell,  flesher,  MaioF 
street,  Gorbals,  on  Oct.  21,  1815,  consulted  Mr!  Peter  Miller^ 
surgeon,  Hutcheson  Town,  about  a  stiffneis  of  the  jaws.  ^'.  He 
was  then  IS  years  of  age ;  four  feet  nine  inches  high;  stout  ^,  welt 
shaped ;  and  of  a  fair  complexion.  Mr.  Caldwell,  in  whose  Neigh- 
bourhood the  boy  had  been  brought  up,  took  a  fancy  for  him  from 
his  childhood,  on  account  of  hb  uncommon  alacrity  and  obliging 
disposition ;  so  that,  although  his  parents  were  poor,  Ife  has  fer  tlie 
niost  part  lived  with  his  present  master,  and  enjoyed  generoukdiet. 
He  could  assign  no  cause  for  the  stiffness  of  his  jaws ;  but  at  t^pgth 
on  his  left  leg  a  sore  was  discovered,  which  led  back  to  the  9th 
lost.,  when,  at  the  building  of  a  hay-stack,  he  recerved  from|:  the 
prong  of  a  hay  fork,  thrown  at  him  **  in  fun/'  a  small  wound  four 
inches  ^bove  the  left  inner  ankle,  and  about  a  line  or  two  biehind 
the  edge  of  the  tibia.  Although  the  wound  was  prrtty  deep,  yet 
no  blood  issued,  except  a  dot  **  about  the  size  of  the  head  of  a* 
pin."  The  place  soon  became  swelled  and  red,  but  not  very  painful 
until  the  12th,  when  -be  madcs  an  excursion  with  some  boys*toa 
glen^  five  miles  distant,  to  gather  bramble-berries, '  got  h^iii^self 
drenched  with  rain,  and  after  bis  return  neglected  to  change  his 
clothes.  As  the  sore  had  become  niinful,  and  its  ^d^s  liard^  Mrs. 
Caldwell  applied  a  poultice.  Hitherto,  the  linatter  oischarg^|had 
been  of  proper  consistence,  but  now  became  more  and  more  Waterv, 
while  the  pain  became  less  and  \es&\  On  the  mornitkgof  the;  i^th^ 
he  complained  of  a  difficult  in  cheiwii]^  a  pi^ce  of  loaf  breacj;;  In 
the  evening  he  could  not  open  his' mouth  to  the  usual  extent,  and 
felt  considerable  difficulty,  m'  cbiiwiQg;<r   Od,  the^jc^gss^ns^  :^c& 
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19th,  in  suppiag  bis  porridge,  he  could  scarcely  get  the  spoon  iiM 
his  mouth.  In  the  forenoon  of  the  ^Otb  be  had  wheeletl  a  cow'i 
hide  to  a  tan-work  a  quarter  of  a  mile  diitaut,  and  was  lookiug  idId 
a  tan-boltf,  when  he  became  giddy,  and  nearly  dropped  in.  On 
getiiog  hornd  with  his  barrow,  lie  had  Co  go  to  bed,  aud  in  a  few 
houT«  hecaine  free  of  giddiness,  but  the  stilThess  of  tlie  j&ws  wu 
slowly  gaining  ground.  On  the  21  at,  in  the  forenoon,  hbarm,  in 
throwing  a  stone  at  a  dog,  fell  powerlvw  bj  his  side,  and  the  stone 
dropped  from  hi«  band.  He  does  nut  know  whether  the  arm  became 
relaxed  or  stiff.  Till  the  evening  of  the  2lst  the  stiiTness  waj 
limited  to  the  jaws.  Now  tlie  toogue  aUo  became  sore  and  sXiS,  u 
if  it  had  not  suflicieot  rooni.  Having  become  alarmed  at  the  ia-. 
creuse  of  symptoms,  he  now  affiled,  tts  formerly  mentioned,  to 
Mr.  Miller,  who  ttrnnediately  Gripped  him>  and  discovered  on  ibe 
left  leg  the  sore  slightly  inflamed,  but  devoid  of  pain,  and  dis-, 
charging  a  watery  fluid.  3iss.  of  compound  jalap  was  prescribed, 
and  be  was  desired  to  return  next  moraing. 

22.  Morning. — Had  slept  little;  physic  had  operated;  stifiiwtSi 
had  estended  to  the  back  of  the  neck.  The  proposal  of  sendiog 
hin  to  the  Infirmary  alarmed  him,  so  that  be  hurried  homib  but 
almost  fell  twoorthree  limeson  theroad.  In  the  aftetiiooD,  bou^ 
unable  to  walk  to  Mr.  Miller,  he  was  visited  about  two  o'clock.  Dw 
sore  was  enlarged,  and  pencilled  with  caustic:  3i.  of  ipeq^c.  KpA 
gr.  ^  of  tart,  antim.  were  given  as  an  emetic,  and  operated  3)ightl]ii 
What  came  up,  he  says,  was  very  sour.  He  was  now  put  iota  tK 
warm  bath,  after  which  the  following  mixture  was  ordered  v— 
!EU  tinct.  opii,  gutt.  Ixxx.  eih.  sulph.  ;^.  aq.  cinnam.  ^.  mis.,  t^ 
half  to  be  taken  immediately,  and  the  remainder  la  half  an  boor. 
From  this  time  forward  be  was  closely  attended  by  Mr.  MUlcfi  a^iil 
occasionally  by  his  partner,  Mr.  M'Lean. 

Eleven  at  NiglU. — A  paroxysm  had  thrown  him  backward*  to 
the  fkior.  A  table  spoonful  of  the  followiag  mixture,  ^  tinct.  cpii, 
^  sp,  etb.  nitr.  ^iss.  aq.  cianam.  jiii.  mix.  was  oidered  to  be 
swallowed  every  second  hour.  Camphorated  mercurial  olattuwt 
was  to  be  rubbed  occasionally  over  his  spine,  and  a  dose  of  cal.  jtl* 
and  ginger  was  given. 

On  tbc  23d,  doses  of  calomel  and  opium  were  ordered,  llie 
<HDtment,  the  warm  bath,  aikd  the  purgative,  were  continuedj  avd 
in  the  evening  an  injection  was  adminbtefed ;  still  the  symplq^ 
continued  to  mcrease.  ,_ .' 

On  the  24th,  the  cold  batli,  in  place  of  the  warm,  was  ond«N^ 
With  a  little  force,  be  could  be  bent  to  the  silling  |iOEtiire  iQ  tlil^ 
bath.  The  former  prescriptioas  were  continued.  Still  the  symptasKt 
were  increasing. 

On  the  25tb,  he  could  not  be  made  to  sit  in  the  cold  bath.  A 
solution  of  |lsB.  of  sulpb.  magn.  In  cinnamon  water  was  ordaredi 

2Ctb. — The  notes  do  nut  mention  whether  the  pliysiQ  opeWe4< 
The  colu  affusioD  was  ordered.     Opiate  friot>oQs  wexe  set 
afld  a  dose  of  jal.  co\oii.  ani  ^vb%«  ■wu  s.«w,    _  ,u  ,iii' 


K*S^  Tigsm^'imi  f)f  Tw6  Cases  e/  Tetama. 

>»  the  ZT''''  1  was  reqwested  to  tttteo^  aaid  saw  him,  for  the  first 
t,  al  twelve  o'chx'k  at  night.  By  this  time  his  jaws  were  closely 
'  and-  iitnnoveably  locked  J'-Mid  his  whole  hody  was  stitf,  and  bent 
bwTJiwards  iota  an  yrcb,"'so  that  he  rested  on  the  occiput  and  heels. 
From  tlie  first  iie  had  enjoyed  but  little  sleep ;  now  it  had  entirety 
dpptrrted  from  iiioi.  His  urine  had  been  all  along  scanty.  The 
shin  was  dry,  except  over  the  head,  face,  and  neck,  which  went 
for  the  most  pari  bedewed  with  sweat.  His  chief  pain  lay  ia  the!: 
pit  at  (lie  stojtiach,  where  there  was  an  evident  swelling.  He  de^' 
scribed  the  pain  to  proceed  from  this  spot  OTer  the  body.  For  the 
last  28  hours  porgalivcs  and  injections  had  failed  lo  procure  any 
ahinc  disebargc.  lleglothion  had  al!  along  been  difficult ;  but  now 
be  could  scarcely  manage  to  swallow  any  fluid  introduced  between 
Usiecth,  and  never  withoui'iiidgcinga  paroxysm.  The  paroaysm*"' 
vtm  now  frccpient,  and  accoRrpanied  with  difficulty  of  breatMng^ 
sMmtimes  almost  amonrtting  to  suffocation,  atid  with  palpitation  of ' 
the  heart,  which  could  be  seen  aiid  heard.  His  breath  bati  the 
nwtcurial  fcetor.  As  (be  medicines  were  now  produdng  no  eftcct ; 
as  the  disease  neemed  to  be  fast  approaching  to  a  fatal  termination, 
f*  which  indeed  the  poOT  boy  became  impatiently  desirous,  and 
i«B  calling  upon  his  nurse  to  put  an  end  to  hi9  miserable  existence; 
ami  OS  hydrophobia,  which  is  very  much  a  kin  to  tetanus,  has-beea 
of  late  repeatedly  cured  by  blood-letting,  we  resolved  to  ^ve  the 
laBcet  a  fair  trial.  Accordingly  we  drew  from  the  arm  3xwi.  o( 
htood.  Before  the  blood  ceftsed  to  flow,  he  was  able  lo  open  hi« 
jaws  to  the  extent  of  half  an  inch.  The  opportunity  was  leized  of 
giving  a  smart  dose  of  purgative  medicine,  which  was  ordered  to  be 
followed  by  repeated  doses  of  castor  eil.  An  injection,  which  was 
tlmRvit  ihto  Ine  rectum  by  a  syringe^  was  immediately  gecied  past 
the  syringe  with  considerable  violence  against  the  foot  of  the  bed. 
Ille  relaxation  produced  by  the  bleeding  gradnally  disappeared,  and 
in  a  few  hours  the  jaws  became  as  locked,  and  the  body  as  stiff,  as 
eWr.     The  blading  was  repented  in  about  10  hours  afterwards,  and 

IpMdowd  a  relaxation  of  the  jaws,  thongh  not  to  the  former  extent. 
Ili«  physic  had  now  begun  to  operate,  A  smart  dose  of  calomel 
was  given,  and  ordered  lo  be  followed  by  a  solution  of  sulph.  magn, 
JA-^innahion  water.  Repeated  doses  of  sp.  e(h,  nitr.  were  also  or- 
clMled,  In  a  few  liours  the  effects  of  the  bleeding  had  almost  dis" 
ai»pfc*f«d.  On  the  evening  of  the  2Hth,  and  on  the  29ih,  the 
breeding  was  repeated,  and  on  both  occasions  produced  conaderable 
relaiiliont  though  not  fo  the  first  amount.  He  had  now  been  bled 
fbU^  times  and  had  lost  ,">»  of  blood.  After  every  bleeding  the 
palse!  became  esceedingly  quick,  t)Ut  by  and  by  subsided  to  about 
110.  Brisk  purging  with  sulph.  magn.  and  an  occasional  dose  of 
cal,  Was  kept  up.  Under  all  this  depletion,  his  whole  food  was  a 
little  sdup,  so  that  he  had  now  become  exceedingly  weak.  For  fear 
he  tvooM  die  in  owr  hands,  we  did  not  venture  to  take  more  blood 
till  the  SOeb,  On  tiie  morning  of  which  day  he  seemed  a  little  re- 
craited.    The  body  still  formed  an  arch  from  occi^al  w  lie.a\.  ■,  «cA 
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the  jaws  were  locked,  though  not  quite  so  iromoveably,  as  before 
the  bleedings.  This  difference,  however,  we  were  disptreed  lophce 
to  the  account  of  debility.  From  tlie  regular  temporary  amelioratioD 
of  the  symptoms  after  every  bleeding;  from  the  iaefficacy  of  efeiy 
thing  else :  and  from  the  hopelessness  of  the  case,  if  left  to  itself; 
we  resolved,  Bfier  much  hesitation,  to  make  one  desperate  triii 
more  with  thelancei.  The  vein  was  opened.  A  considerahlestreiH) 
of  blood  issued,  and  the  finger  was  held  to  the  pulse  till  it  becaou 
exceedingly  quick  and  feeble;  when  the  poor  boy  all  at  oncebeGsmt 
exceedingly  low,  and  seemed  ready  to  expire  at  every  paroxynD. 
Having  tied  up  the  arm,  we  retired  hastily  to  another  room,  and 
agreed  to  let  him  have  as  much  wine  as  the  friends  could  get  htm 
to  swallow,  more  its  a  mere  L-ordinl,  ihan  as  a  medicine  from  wMdi 
any  benefit  could  now  be  expected,  and  announced  that  we  did  ntt 
expect  that  the  patient  would  survive  long.  Nest  morning,  fatw- 
e*cr,  we  found  our  young  patient  in  a  slate  of  intoxication,  attd 
much  relieved.  As  there  had  been  ail  along  a  scarcity  of  tlfbH\ 
we  substituted  gin  to-day  for  the  wine,  and  kept  htm  in  a  state  of 
half  intoxication  for  ten  days.  Purgation  was  at  the  same  liim 
kept  up.  During  this  period  it  was  remarked  that  he  cjectedbil 
urine  to  a  great  distance;  on  one  occasion  to  the  distance  of  14 
feet.  His  recoverj' was  very  slow  and  gradual;  so  that,  for  many 
dcys  after  the  gin  was  commeticed,  he  was  lifted  about  like  a  piece 
of  wood.  Not  long  after  he  began  to  walk  about,  his  motjottt 
were  stiff  and  slow.  He  has,  however,  long  since  regained  (iil 
former  health,  and  slrenglh,  and  activity. 


JameE  Campbell  Wright,  Cowcaddens ;  aged  49;  five  feet  and 
seven  inches  high;  thick;  muscular;  well  shaped;  strong  and 
agile ;  the  hair  on  the  face  red ;  the  hair  of  the  head  formerly 
lightish  brown,  but,  since  the  late  shavings  and  blislerings,  i^ 
proBching  to  black ;  has  all  along  enjoyed  escellent  health ;  hm 
occasionally  taken  a  hearty  glass  with  his  friends,  but  upon  the 
whole  has  been  a  man  of  sober  and  religious  habits.  On  JaD.27t 
1816,  at  eight  o'clock  in  the  morning,  in  lifting  a  deal,  a  little 
splinter,  not  so  thick  as  an  ordinary  pin,  made  its  way  into  the 
middle  of  the  fore  part  of  the  first  phalanx  of  the  right  thumb,  aai 
was  immediately  taken  out  by  his  comrade.  The  circuoistonc^wia 
C|uite  forgoltcn  till  next  day,  Sunday,  about  12  o'clock  nid'ilM 
when  the  part  became  painful  and  swollen.  About  five  o'clAckw 
the  afternoon,  a  small  suppuration  of  about  the  size  t>f-  a  pia?t  imi 
was  discovered  in  the  spot  from  whidi  the  splinter  hadfaeen^ot 
tractcd.  As  soon  as  the  matter,  which  was  of  thick  consbteM^ 
was  lei  oift,  the  pain  diminished,  but  the  thumb  couiimhed-taiw- 
crease  gradually  )n  size,  and  to  become  weaker  and  ueakei.>  tf 
ten  o'ildck  next  morning  the  whole  righi  hand  had  becoaifi  so 
l^pwerleSs,  that  he  was  unable  to  lift  a  tool,  or  even  a ,  breakta 
it'iiife.  By  ^2  o'clock  the  Imndhnd  become  coM,  and  beffas  tvMK 
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tag  it  at  the  (ire,  when  in  an  instant  he  was  seized  with  au  cscru- 
ciating  pain  in  the  situation  of  the  carpal  bones ;  the  bat-k  of  the 
head  forthwith  swelled,  and  became  a  little  red.  At  three  o'clock 
.  be  applied  to  Mr.  Roderick  Gray,  surgeon,  Cowcaddens,  ivlio  or- 
dered the  whole  hand  to  be  covered  with  cloths  dipped  in  viuegar 
and  strong  spirits.  No  relief  was  obtained.  As  the  pain  was  in- 
creasing, and  as  Mr.  Gray  was  from  heme,  I  was  called  in  the 
evening.  He  was  screaming  aloud,  and  moving  restlessly  from 
place  lo  place  in  severe  agony.  There  was  a  slight  ruffling  of  the 
cuticle,  where  the  spetk  of  suppumiion  had  tbrined.  The  chief 
pain  was  in  the  6rst  phalanx  of  the  thumb.  I  Immediately  made 
an  incision  down  to  the  bone  from  the  borders  of  the  first  joint  lo 
die  lip.  A  good  deal  of  black  blood  isi^ued,  but  no  pus  could  be 
discerned.  The  whole  hand  was  immediately  immersed  in  warm 
water,  and  afterwards  covered  with  a  poultice,  and  a  smart  dose  of 
cal.  and  jal.  was  ordered.  The  pain  of  the  thumb  was  iiiimcdialely 
removed,  and  the  pain  in  the  back  of  the  hand  much  mitigated. 

On  the  morning  of  the  30th  1  met  Mr.  Gray  in  consultation.  We 
learned  that  since  the  incision  was  made  into  the  thumb,  it  had  been 
fk'ee  of  pain,  but  that  in  about  liatf  an  hour  the  pain  in  tlie  hack  of 
the  hand  gradually  increased,  and  at  length  produced  screaming  and 
restlessness,  as  before.  We  applied  eight  leeches,  and  ordered  iliem 
to  be  followed  by  warm  fomentations,  and  afterwards  by  a  large 
poultice.  A  smart  dose  of  calomel  and  jalap  w.is  given  in  I^' 
evening.  ,,_ 

On  the  3  Lst  the  same  number  of  leeches  was  applied,  and  puflf'l 
gation  kept  up.     Still  the  pain  and  swelling  increased.  ' 

On  Feb.  I,  eight  leeches  more  were  applied.  While  they  were 
at  work,  he  felt  a  pain  suddenly  ascend  from  the  hand  to  the  back 
part  of  the  head.  The  hand  now  became  easier,  but  the  fwin  in 
the  back  part  of  the  head  became  proporiionally  violent.  The  head 
was  shaved,  and  rubifaciants,  and  sinapisms,  and  blisters,  were 
mccessively  applied,  with  some  temporary,  but  no  permaaent, 
benefit. 

By  the  evening  of  the  4th  the  neck  and  jaws  had  become  some- 
what stilf  and  painful,  and  uncommon  anxiety  was  expressed  id  the 
face.  Mr.  Gray  having  shortly  before  had  a  case  of  broise  which 
fell  a  victim  to  tetanus,  and  being  struck  with  the  similarity  of  the 
symptoms  before  liim  with  those  which  had  so  lately  made  a  deep 
impression  on  his  mind,  was  the  first  to  dii^crrn  the  approach  of  this 
horrific  disease,  On  examining  more  attentively,  we  found  that  (lie 
jaws  could  not  he  fully  o[>ened,  and  that  the  silHhcss  of  the  neck 
was  coDsiderublc.  As,  however,  calomel  had  been  repeatedly  given, 
and  might  possibly  be  the  cause  of  all  this  pain  and  stiffnefs,  we 
were  willing  to  wait  till  morning.  An  ounce  of  castor  oil  waa'ip 
the  mean  time  given.  .--i  , 

Mr.  Gray  saw  him  at  seven  next  morning,  and  found  tetav 
advancing  with  rapid  strides.  At  ten  we  met.  By  this,  lime^ 
jawi  during  the  inlermtssions  scarcely  admldcd  the  [winl  of  t' 


I 


440  Descriptie*  of  Two  Cnses  t/  Te/omtg. 

lilile  finger,  and  during  the  pwroKjrsms  were  closely  ladkcd.  1W 
BtiHiiesjuf  the  occk  was  greatly  JDCteased.  Tbe  bead  wv  tind  I 
imoioveably  during  the  bt«rpiiKions  ;  and  during  tbe  ]>MOS^ 
was  drau-n  forward,  with  the  lace  luraed  a  littlo  towvda  the  U,  / 
fiod  nith  tbe  occiput  of  course  Inclnied  as  tar  towRrda  the  t^ 
OfteD  while  the  attendants  were  laying  Itim  back  in  bed,  and  wtffi 
the  head  was  yet  a  tew  inches  from  the  piliotv,  he  was  drawn  fac«ni 
with  a  suddc^  convulsive  jerk  to  the  skting  posture.  Thcfe  ms 
always  great  dltlicalty  of  d^luiition  ;  and,  during  the  part^xy^FM,  tf 
Inspiration.  We  iaimediately  filkJ  nine  large  aired  Ifa-citps  widi 
Itiood  frum  bis  arm.  The  quantity,  taking  in  what  was  in  tUeffah: 
and  OB  tlie  floor,  must  have  exceeded  tour  pounds;  and  tfafaBKMD 
was  the  largest  that  either  of  us  ever  witnessed.  The  lelanic  ^^sp- 
tcwK  immediately  abated.  A  few  pil.  alvos  c.  cnloc-.  were  giveii,iBd 
gr.  iiiss.  of  opium  were  left  to  be  taken  in  dd  hour. 

In  the  evening  the  jaws  and  atxk  were  still  a  linle  stlfl^  and  tlieR 
was  considerable  <pain  in  the  hack  of  the  bead.  We  coutenwd  ea^ 
aelveE  witlt  giving  a  linle  phytic. 

Next  morning,  at  10  o'clock,  finding  not  only  th«  sttSbesB  iif<((R 
jaws  and  neck,  but  also  the  pnin  in  One  back  of  the  bearfj  fl^^ 
locnased,  we  filled  five  saucers  with  blood  ifcom  the  leoipotalaiiaT. 
The  quantity  of  hlood  might  amount  to  Jxxv.  During  the  npenrttOQ 
he  almost  tinted  twice.  The  same  dobe  as  yesterdav  of  ofitua, 
piieoeded  by  a  few  jiurgative  pills,  was  ordered,  from  this  taqe 
forward  we  did  not  witness  one  furmidabte  symptom  of  the  ^Sxtet, 
Altliough  for  ^glit  weeks  lie  continued  to  be  more  or  less 'troubled 
with  convulsive  contortions  of  tbe  liead.  Purgatives  during  Ac 
■day,  and  opiates  at  night,  were  continued  till  every  sposmodic 
symptom  disappeared.  To  follow  out  llie  history  of  the  liand  b  at 
present  unnecessary.  SuSice  it  to  mention  that  at  this  momflilKi 
probe  can  be  made  to  rattle  amongst  the  carpal  hunes,  and  thathc 
is  hesitating  about  allowing  au  ojieration  to  be  performed.  In  (Abet 
re^cta  be  is  at  present  in  perfect  health  and  strength. 

The  subserviency  and  adaptation  of  the  voluntary  powers  throag|)>- 
outall  the  Animated  world  to  the  cravings  of  the  stomach,  and  the 
intituatc  sympathy  that  is  eonflpieuous  at  every  »!lep  of  pathologicti 
jcsearch  between  4he-»<iofflfich  and  the  voltintary  organs,  warrant  tite 
conjecture  that  the  stomach  U  the  piimary  seat  of  this  disease,  iOie 
{laioaud  ^wellitig  in  the  epigastric  region,  and  tlie  appearances  after 
ileath,  almost  confirm  this  opiniun.  I  attended  a  tarmer  a  few  yeois 
agoin  tile  parish  of  Cumbernauld,  who  laboured  under.an  hyateiioal 
disease,  which  passed  through  .he  following  succession  of  sympionis 
every  morning  : — He  became  languid,  and  unable  to  aiJcak  ;  the 
head  by  and  by  fell  down  upon  the  breast;  then,  with  both  fists 
iti^ai^ed,  li^.gave  the  breast  a^utnber  of  most  lunnftrcifdl  blows: 
then  witltgnpinginwitb  bellowed  nut  a  wild  coiwulsive  Uu^;-^^) 
served  the  head  as  he  had  dgne  the  chest;  then  screamed « 
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^^ber  wildlaugb  ;  after  ^hioh  he  often  got  finee  bokhiw  4tf  flatw 

i|wjto<be  dtomftchy  ^nd  soon  areoovered.    But  when  the  tlatiis  could 

fWnei  ^t  dus  period  escape,  his  whole  body  became  stiff,  and  ttnugtat 

^a»tbe  trui4£  of  a  tree,  and  rolled  along  the  flocnr;  at  length,  after 

laiather  laugh,  and  f nee  belching,  the  fit  tenniaated.    I  call  it  a 

.liyaieiioai  disease,  in  distinction  to  epikcptic,  because  he  could  betfr 

^paid  remember  what  was  said  to  him  during  the  fit.    In  this  case 

^the  stools,  which  were  r^ularly  preserved  for  my  inspection,  emittisA 

'large  babbles  of  gas.    This  man,  before  the  fits  had  entirely  Mt 

liim,  underwent,  by  advice  of  a  strolling  doctress,  the  foUovmig 

Botable 'remedy :--^A  bannock  made  of  his  nrineand  meat-was  given 

Jto&c  dog.    -Soon  after  this  the  fits  entirely  disappeared.  The  cure 

aras  ascribed  to  the  doetress;  and  the  medicines,  in  spite  of  evviy 

.  jpoaaanstranoe^  were  discontinued.  The  disease  has,  it  seems,  latcAy 

veturned.    From  this  case,  I arguetfaat,  if  the  oesophagus  had  pep- 

aevered  in  refusing  exit  to  the  fleitus,  the  fit  would  have  continued^ 

Mt^  the  faan.  "^duld  have  died  of  tetanus,  w  something  'like  it. 

Mow  Larrey  says,  that  **  in  the  examination  of  the  bodiesof  pei^- 

tans.  dead  'Cif  tetanus,^'  he-  ^  foand  the  pharynx  and  cesophagns 

Itnich-opittiacted,  and  their  internal  membraae  led,  inflamed,  tfnA 

covered  widi  a  viscid  reddish  mucos.^!    The  rationale,  then,  of  the 

tteatmeBt  in  the  above  cases  is,  first  to  reduce  the  irrilnbilhy  ailA 

tckie  of  the  parts  exterior  to  the  stomach,  and  then  to  brace  up  tte 

atomach,  and  restore  it  to  the  exercise  of  its  functions.    Although 

dMteotion  of  the  stomadi  is  the  primary  cause  of  the  disease,  it  Is 

mt  to  be  uodentood  that  this  condition  of  the  stomach  remamn 

Itaroughout  the  disease  the  solitary  and  unasskted  cause  of  all  -tte 

aymptotts.    This  coadition  of  tthe  stomach  fofbids  sleep,  so  neee^ 

i»iy  to %be aniipal  functions,  and  laysa  fieatraint  upon«ll  the seeRfk. 

ticm  mid  excr^tioDi3  in  the  body. .  That  the  original  •canM  sod|i 

apreadstfom  the  stomach  over;  idl  the  vital  oigans.    It  is  by  tb}3 

aaiy  spreading  and  gradually  involving  otiier  organs  in  the -diiease, 

and  at  Ihe  safna  4iii3e  'lo<iking  them  up  ao  that  ^ey  catinot'assi^t 

*with  their  critical  discharges,  that  tetanus,  as  it  advances,  gatheni  so 

much  strength,  and,  when  unassisted,  proceeds  so  rapidly  to  a  fatdl 

cOQclusionk  I  remain.  Sir,  most  respectfuTlly, 

u.ij  ;  . .  Your  obedient  servant, 

it  ;  icfavi  Oross;- 


4J     ■  •      ■■  ■..*■   ■       •  ..■  '  . 

Article  VIII.  -, 

^'Jtemaris  onlilr.  Waits' s  Paper  on  the  Length  (jfthe  Tenduki^^ 

«      /  (To   Dr.   Thomson.)  ^^* 

■    fiWl,  ■     J  •  ..'     ■  ^  ■       .      •   '-^  ^ 

V  4  «rust  yourjingenimis  corraspondent  Mr.  Watts  wM  forgrrf  *!ife 
^Biark^lnit  i>thk)k  heittis  be<!n  mthefr  hastyin  censuring  ^Govi?rit- 
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(  Mr.  fValtis  Paper 
meat  (or  not  counccting  the  pendulum  experiment  wil1i  tlie  tiifo- 
Bomeirical  survey  of  Eugtani],  Scotland,  aod  Wales,  tintcss  he  hii 
received  positkv  iuformatiuQ  tbat  ilic  use  of  the  peodulum  is  to  be 
neglected  altogether  by  the  geDtleaieo  wlio  so  ably  conduct  that  b- 
teres ting  work.  It  belioves  us  to  avoid  judgmepis,  and,  above  all, 
cfRiorioiu  judgments,  upon  insufficient  evidence.  The  main  object 
of  the  Board  of  Urdnance  in  carrying  on  this  grand  undertaking  for 
»o  many  years,  has  been  to  produce  a  series  of  correct  county  map!, 
upon  a  much  larger  scale  than  has  yet  been  attempted.  These  ma  pi 
sre  now  in  course  of  publication  i  and  I  believe  all  persons  oho 
have  had  opportunity  of  examining  them  have  been  as  much  ainick 
with  their  beauty  as  with  their  accuracy.  As,  honever,  the  vnak  a 
conducted  by  men  of  science,  it  is  not  likely  that  the  mere  busiuesa 
of  producing  taithfut  maps  is  all  to  which  they  will  attend,  'i'licy 
liave  already,  as  is  well  known  to  the  readers  of  your  yimials,  done 
much  in  relation  to  tlie  measurement  of  degrees  on  the  meridian. 
Tlierc  is  also  an  eminent  geologist,  Dr.  Maculloch,  conDectedmih 
tike  work  ;  and  at  this  moment,  1  believe,  going  from  station  to 
station  with  Col.  Mudge  and  Capt.  Colby,  or  with  whichever  of 
those  gentlemen  may  now  be  in  Scotland.  It  has,  also,  been  all 
along  understood  by  |>ersons  ivbo  have  occasional  intercourse  •nib 
ilioi^e  gentlemcD,  tliut  before  the  operations  are  tinally  termimte^, 
the  length  of  the  second's  pendulum  will  be  delermioed  at  the 
principal  astronomical  stations  in  their  progress  from  south  to  Dettb, 
8  clock  and  other  apparatus  being  provided  tor  that  purpoGejMid 
that  the  grand  experiment  in  reference  to  the  attraction  of  mam- 
lains  will  again  be  repeated  at  the  place  wliich  they  shall  judge  tO'tie 
most  suitable,  after  liiey  iiave  completed  the  trigonometrica)  reticu- 
lation of  Great  Biitaint  It  has,  1  say,  been  all  along  undentood 
that  these  are  parts  of  the  general  ])lan ;  and  it  is  surely  only  a 
Dioderate  exercise  of  common  candour,  to  leave  the  gentlemen  who 
so  ably  coqduct  Ibii  important  undertaking  to  workout  their oira 
intentions  in  their  own  way,  and  not  to  take  it  for  granted  that  they 
,have  made  up  tilutr  minds  to  neglect  a  class  of  operations  simply 
because  tliey  liave  not  advertised  to  the  world  how  or  when  ihey 
mean  to  sift  about  iheui. 

I  can  scarcely  doubt  that  Mr.  Watts  will  agree  with  mc  as  lo  the 
justice  of  the  preceding  observations :  nor  can  1  believe  tliat  he  will 
be  angry  with  me  if  1  express  my  apprebensions  as  to  the  accunef 
of  his  own  results  with  regard  to  the  length  ol  the  second's  pendulni 
at  Plymouth.  An  experiment  of  so  much  nicety  as  this,  in  whM 
the  difference  of  latitude  between  50°  and  55°  does  not  occosien  a 
variation  in  the  length  of  tjie  pendulum  exceeding  -rn-|o-*^*  °^ '° 
^oh,  requires  u  variety  of  precautions  which  do  not  seetn  (o  have 
occurred  to  ihis  gentleman. 

1.  He  iias  neglected  to  introduce  the  ueighi  of  the  thread  ofpHe 
into  his  compuUlion.  The  Trench  philosophers,  in^tlieir  obsecra- 
tions for  a  like  purpose,  have  not  fallen  into  Uu«  source  .QtaiQtt 
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althougli  the  wire  to  which  their  ball  was  attached  weighed  but  little 
more  than  the  1000th  part  of  the  ball  itself. 

2.  There  is  a  source  of  error  arisiDg  from  the  comparatively  gross 
mode  of  suspensioo  ador^ted  by  Mr.  Watts^  against  which  he  does 
not  appear  to  have  guarded. 

3.  The  length  of  the  proof  pendulum  was  ascertiuned  lefore  it 
was  suspended ;  instead  of  which  it  ought^  doubtless^  to  have  been 
ascertained  while  it  was  hanging  verticaMy  in  a  state  of  quiescence  : 
or,  still  better,  by  the  distance  between  the  point  of  suspension  and 
a  horizontal  plate,  which  by  means  of  a  fine  micrometer  screw  had- 
been  gradually  elevated  so  ns  just  to  touch  the  bottom  of  the  ball 
while  in  gentle  motion.     Here  is  another  source  of  inaccuracy. 

.  4.  Mr.  Watts  does  not  seem  to  have  made  any  allowance  for 
want  of  uniform  density  in  his  brass  ball,  by  suspending  it  in  diSi:- 
rent  positions,  and  taking  a  mean  of  the  results. 

5.  He  has  not  applied  the  obvious  reduction  for  the  length  of  the 
circular  arch  through  which  his  pendulum  oscillated.  That  arch 
was  not  so  small  as  to  render  this  reduction  unnecessary. 

G,  He  has  neglected  the  correction  requisite  on  account  of  the 
attitude  of  the  place  of  his  experiment  above  the  level  of  the  sea. 
Perhaps,  however,  he  was  so  near  that  level  as  to  render  such  cor- 
rection needless;  yet  that  circumstance  ought  to  be  specified. 

7.  Another  error  is  involved  in  the  shortness  of  the  time  devoted 
to  his  experiment,  which  was  only  480  seconds.  Now  the  French 
philosophers  took,  at  each  station,  a  medium  of  a  series  of  about 
six  distinct  experiments,  each  of  them  occupying  al)out  4390 
seconds,  or  more  than  nine  times  the  duration  of  Mr.  Watts's.  The 
error  in  measuring  the  interval  of  time  would  with  them  be  reduced 
to  one-ninth  of  what  it  would  be  in  Mr.  Watts's  experiment  (sup- 
posing both  to  be  equally  accurate  in  this  respect) :  and  this  error 
diffused  over  six  equally  careful  experiments,  would  give  the  proba- 
bilityof  correctness  in  this  respect  alone  in  a  ratio  of  more  tlian  50 
to  1  against  Mr.  Watts. 

.  '8.  if  he  alone  '^  counted  "  the  number  353  of  vibrations,  it  is 
impossible  to  affirm  positively  that  that  was  the  number.  The  well 
known  method  of  coincidences  is  the  only  one  that  can  here  be  re- 
lied on,  and  even  that  requires  extreme  care. 
-  ^  9.  Lastly,  the  error  in  measuring  the  length  of  the  string  of  pite, 
^whatever  it  may  have  been,  would  be  diminished  in  the  ratio  of  J  9 
(o  9,  by  making  the  experiment  with  a  two  second  pendulum^  in- 
stead of  that  which  was  actually  employed. 

I  beg  to  assure  Mr.  Watts  that  these  observations  do  not  sprinje: 
from  any  invidious  motive,  but  are  simply  presented  for  the  puipose 
-oi  suggesting  to  him  a  few  of  the  nicer  and  more  delicate  particutan 
which  mmt  be  regarded  in  the  pendulum  experiment,  before  its  ir^- 
ault  can  be  received  with  confidence  by  men  of  science.  I  shall  be 
bappy  to  learn  that  he  is  induced,  after  meditating  upon  these  hintf, 
to  repeat  his  experiment:  and^  in  that  case^  I  would  beg  to  refer 

Vol.  VIII.  N*  VI.  2  F 


450  On  the  Hnrse  Leech  a*  "  — 

liiai,  for  a  variety  of  expedients  to  insure  correctness,  to  which  I 
have  not  liere  adverted,  to  the  Astronomic  Tlieorique  et  Pratiqae  of 
Uelauibre,  chap.  35,  or  to  tlie  tliird  volume  of  A^tronomie  Phy- 
sique, by  Biot ;  in  both  which  he  ^viU  find  perspicuous  descriptions 
of  the  French  apparatus  and  operations  in  relation  to  this  inquiry. 

For  my  own  part,  however,  I  am  inclined  to  think  that  the  most 
accurate  way  of  determining  the  length  of  the  seconds',  or  other 
pendulum,  would  be  to  cause  uniform  cylindrical  bars,  or  prismatic 
plates,  properly  suspended,  to  oscillate  in  appreciable  arcs.  There 
are  many  peculiarities  and  advantages  (with  some  disadvantages,  I 
confess)  attending  the  experiment  with  such  pendulums  as  tliese; 
and  solicitous  as  1  am  to  see  the  experiment  made  with  ade- 
quate care  and  skill,  in  all  possible  situations,  I  should  gladly  con- 
tribute my  mite  by  entering  a  little  into  detail.  But,  looking  back 
to  what  1  have  written,  I  perceive  that  it  will  be  expedient  to  defei 
any  further  remarks  to  a  future  opportunity. 

1  am.  Sir,  yours,  &c. 

Oct.  4,  tsio.  R.  M.  A. 


On  the  Horse  Lrech  as  a  Prognoslicalor  of  the  ifialher. 
By  Mr.  James  Stockton. 

TiiEitE  is  scarcely  any  subject  in  which  mankind  feel  themselva 
Eo  much  interested  as  that  of  the  weather,  and  the  continual  cban^ 
it  undergoes ;  but  of  the  causes  which  produce  tho&e  changes  tbey 
are,  for  the  most  part,  ignorant.  It  is  only  by  diligent  attentien 
and  patient  inquiry  that  we  can  be  enabled  to  discover  the  corak' 
nations  and  conclusions  of  those  meteorological  phenomena,  which 
at  present  appear  so  unconnected  and  imperfect.  As  a  means  of 
accelerating  and  improving  our  knowledge,  in  this  respect,  sevetal 
instruments  are  in  use,  among  which  the  barometer,  as  an  Indicator 
of  the  fluctuations  about  to  take  place  in  the  air,  is  of  peculiar 
utility.  Indeed,  with  regard  to  early  intelligence,  it  is  deservedly 
esteemed  the  best,  although  it  must  be  admitted  that  llie  rules 
drawn  from  itare  not  unfrequently  fallible.  Excellent,  however,  w 
this  instrument  confessedly  is,  I  am  led,  from  long  and  careful  ob- 
servation, to  believe  that  much  surer  indications  may  be  drawQ 
Irom  the  brute  creation.  Their  various  motions,  the  uneasiness 
under  which  they  labour,  and  the  precautions  they  take  previously 
to  any  atmospheric  variation,  not  only  strikingly  discover  the  acute- 
ness  of  their  feelings,  and  their  extreme  susceptibility  of  the  im- 
pressions of  natural  causes,  but  also  convey  accurate  prognostica- 
tions of  a  change  in  the  weather.  That  this  was  a  circumstance  not 
unknown  to  the  ancients  is  evident  from  several  of  their  writii^ 
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and  particularly  from  the  Georgics  of  Virgil,  in  which  it  is  observed 

that  cows  and  various  other  animals  are  uncommonly  affected  before 

rain.  Several  others  have  also  been  remarked  for  this  discriminating 

facility ;  but  that  to  which  I  have  chiefly  confined  my  notice,  and 

that,  in  fact,  which  appears,  from  a  long  series  of  regular  and 

diligent  observations,  best  entitled  to  notice,  is  the  horse  leech ; 

and  it  is  the  intention  of  this  article  to  record  a  few  remarks  on 

its  peculiarities,  as  exhibited  by  one  kept  in  a  large  phial,  covered 

with  a  piece  of  linen  rag,  three  parts  full  of  clear  spring  water, 

which  is  regularly  changed  thrice  a  week,  and  kept  in  a  room  at  a 

distance  from  the  fire.     In  fair  and  frosty  weather  it  lies  motionless, 

and  rolled  up  in  a  spiral  form  at  the  bottom  of  the  glass  ;  but  prior 

to  rain  or  snow  it  creeps  up  to  the  top,  where,  if  the  rain  will  be 

heavy,  or  of  some  continuance,  it  remains  a  considerable  time;  if 

trifling,  it  quickly  descends.     Should  the  rain  or  snow  be  likely  to 

be  accompanied  with  wind,  it' darts  about  with  amazing  celerity, 

and  seldom  ceases  until  it  begins  to  blow  hard.     If  a  storm  of 

thunder  and  lightning  be  approaching,  it  is  exceedingly  agitated, 

and  expresses  its  feelings  in  violent  convulsive  starts,  at  the  top  or 

bottom  of  the  glass.     It  is  remarkable  that,  however  fine  and  serene 

the  weather  may  be,  and  when  not  the  least  indication  of  a  change 

appears,  either  from  the  sky,  the  barometer,  or  any  other  cause  what- 

■^cr ;  yet  if  the  animal  ever  quit  the  water,  or  move  in  a  desultory 

pornner,  so  certainly,  and  I  have  never  once  been  deceived,  will 

*  Iieoincident  results  occur  in  36,  24,  or  even  in  12  hours,  though 

Acoootions,  as  I  have  before  stated,  chiefly  depend  on  the. fall  and 

Q'SteoHion  of  the  wet^  and  the  strength  of  the  wind,  as  in  many  cases 

I  t'ave  known  it  give  above  a  week's  warning.*     However  unim- 

^mtant  this  subject  may  appear  to  some,  yet  as  it  manifestly  tends 

^  assist  us  in  jhe  investigation  of  natural  phenomena,  should  any 

'  of  your  readers  feel  inclined  to  give  it  the  consideration  it  merits, 

any  satisfactory  result  of  their  inquiries  must  be  highly  interesting, 

and  will  greatly  oblige  your  humble  servant. 

New  MaHorif  Oct.  3,  1816.  '  I.   S. 

*  Previously  to  the  late  ancommon  fall  of  rain  in  tliis  part  pf  the  islaod,  in 
July,  the  leech  was  in  continual  motion  ;  but  about  two  days  before  the  wet  set  in, 
it  remained  stationary  all  that  time  out  of  the  water  at  the  top  of  the  glass,  and 
never  once  descended  until  the  rain  came  on.  This  the  animal  always  does  wjben 
the  rain  begins  to  fall  $  but  when  the  air  clears  np,  and  another  shower  is  at  hajid, 
it  is  a^ain  on  the  alert. 
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Article  X. 

■  I 

Analysks  of  Books. 

I.  Enlomologie  Helveiique,  ou  Classification  des  Insect es  de  la 
Suisse  ranges  aapr^s  vne  nouvelle  Methode :  avec  Descriptions  et 
Figures, — Helvetic  Entomology j  or  a  Classification  of  tTie  Insects  of 
Switzerland  according  to  a  iiew  Method,  with  Descriptions  and 
Figures. 

The  autlior  (M.  Clairville)  published  tlie  first  volume  of  this  work 
at  Zurich,  in  l7l^B.  Tlie  introduction,  which  occupies  about  20 
pages,  IS  taken  up  with  the  enumeration  of  the  advantages  resulda^ 
from  the  cuhivation  of  entomology,  and  with  descriptions  of  the 
head,  the  eyes,  and  their  situation,  the  insertion  and  structured 
the  antenn®  and  tarsi,  which,  the  author  observes^  are  exactly  the 
same  in  every  species  of  the  same  genus,  and  therefore,  their  precise 
form,  &c.  particularly  demands  the  attention  of  the  students  Ha 
next  presents  us  with  a  tabular  view  of  the  classification  of  iu$e<% 
which  he  divides  into  those 

mth  Wings.  ; 

Sections^ 

rCrustaceous  wings  ••!.  Klythroptera» 

With  jaws ^\xh\  Coriaceous  wings  . .  .2  Deratoptem. 

^  I  Reticulated  wings  .  .3.  Dictyoptera. 

LVeined  wings 4.  Phleboptera, 

r  With  balances 5.  Haltcrata. 

With  a  rostnmi   •  .wings  I  Dusty 6.  JLepidoptera. 

L  Mixed 7-  Hcmimeroptera. 

fViiliout   Wings. 

With  a  rostrum • .8,  Rophoteira. 

With  maxillflg 9.  Pododunera, 

He  apologises  for  having  changed  the  Linnaan  nomenclature, 
which  he  justly  observes  is  not  sufficiently  precise ;  and  after  a  fe^v 
observations  on  that  subject,  divides  the  elythroptera  into  those 
having  their  elytra  with  a  suture,  ).  Longer  than  half  the  body; 
2.  Shorter  than  half  the  body :  3.  Without  a  suture,  one  slightly 
overlapping  the  other — and  makes  some  general  observations  on  the 
insects  of  that  section. 

The  remainder  of  the  volume  is  occupied  with  an  arrangement  of 
the  rhyncophorous  insects  (curculio,  Linn.),  which  he  divides  into 
1 1  genera,  and  with  descriptions  of  some  species^  elucidated  by  16 
copper  plates. 

Tlie  second  volume  was  published  in  1606^  and  contains  the 
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Linnaean  genera  cidndela,  carabuSy  and  dytiscus,  or  those  insects 
with  six  palpi,  and  who  feed  on  other  iosects.  'It  is  infinitely  supe- 
rior to  the  former  volume,  and  abounds  with  excellent  observations 
on  the  numerous  genera  on  which  he  tpeftts,  and  contains  an  enu- 
ZBeratioa  of  the  Swiss  species,  illustrated  with  32  plates.  We  ^e 
extremely  sorry  that  we  cannot  admit  of  a  more '  dekiTed  analysts} 
but  we  earaestiiy  ri^ommend  the  perusal  of  it  to^e  scne^tific  entd!^ 
^oplogist...  .  J.  "■■'■ 

^  :JP[,  A  Practical,  ^ssay  on  Chemical  Re-c^eiits  qr  Tests ;  illustmied 
&/'  ff  $P'ie^,p/  Experirnents.  Efy  Fredrick  Apjbutt/  Opefetiye 
tyi^efp^^  Lecturer  on  Practical  Chemistry,  on  Min^ralQgjr,  titia^oii 
^hei^tW  {^pplie4  tQ  the  Arts  aqd  'Manufactuires,  &cf.'   tmi^iil 

x^i$yum.  :'■":    ■   ;■'  "'"■  •■■^.-■-^ 

« 'Tblft  Iktie  book  will  be  found  of  considerable  utttityrtolheiicbf^T 
iaaleai«todent.  It  contains  an  account  of  C>4.(e$tfi^  them^thodl)^ 
jli'Aparlng  tbem,  the  poirposes^o  wliich  they  nmy  bejiq)plied,  ^4 
tte' precautions  to  be  observed  in  drawing  dedtictiona  fKHOd  >  1^^ 
effects.  It.  contains,  likewise,  a  list  of  alt  the  different  bodies^tb^ 
may  be  detected  by  tests  with  references  to  the  tests  which  must  be 
employed.  Perhaps  Mr.  Accum  might  have  diminished  the  number 
of  his  tests  without  any  injury  to  the  student.  The  enumeration  of 
test»  whi^eh  do  not  answer  the  pdrpose  father  tends  to  mislead  than 
to  iiistrili^t.  •■  'ft)r  example,  Kirwan  proposes  muriate  of  alumijM*^ 
a  te^'6f  the  ptesence  of  carbonate  of  magnesia  in  water.  It  throws 
down^  he  ^s,^  carbonate  of  alumina.  Now  F  have 'strong  doubts 
about  the  ekistenee  of  a  solid  carbonate  of  alumina.  At  any  rate, 
I  btfri&  liever  li^en  able  to  form  it.  I  may  tuitice  here  what  I'pi^ 
ihiii^e  id  OB)f  a' typographical  error.  In  p.  109  there  occurs,  "  Mr. 
Qahn,  the  celebrated  German. mineralogist."  I  dare  say  that  Mr. 
Accum  is  sufiiciently  awkre  that  Assessor  Gahn,  celebrated  as  a 
chemi^ 'huviti^  been  the  person  who  first  ascertained  the  mtvnr^^ 
eartiiTofibone^  and  who  first  reduced  manganese  tathCidneMW^ 
state,  is  a  Swede,  not  a  German. 

•iiTrf  *r  ^'"  I  '.:'.'  -■»■•■■'.•■■■  '  I       •'   .■  - .        ■ -».    -  v'.i 

^;i))  c  -^'ji'.r.  ;>      ,   n  \  nij  in  u  nj  nf   m  i  f,'  Mi  i  la   -■  ^'i.-f  :;f  iun^/r 
t*^"-'-'   ••■  =  •         ^''Y    •  ^  ■■■■    '  ■■■'  >.'.>ir'-oaJo 

■  -/Ij:.']    '.;ij    \':.ii     ;.;.■    ;    ^^^     ..i       '         ,    ..'  .;'.     -..,.;,    •t.jrvBj 

viJil:,  :-■     :;:;•     '>\:r-      ;•...-,  AETICLK  ,  XI.  ... ;     :,  :j.:,,..,f^      f, 

Proceedings  of  Philosophical  So^ties^;..,  r  i  -;- .^aj 

^  {  Tlii  Sobtetj^  inetioQ^frharsday^  Hw.,J^  A  paper  by  3ir;E^rt|d 
Home,  Bart,  on  the  Circulating  of  the  Blood  in  toe  Xi^ivii^'a^ 
7iferamtti^ir«isiittad*'^''Th0iauii^  opinion  that  Miimajs  ii^im  a 

connected  series  from  man,   the  most  complicated .  down  to  the 
simplest  of  all  the  animals^  scarcely  disUu^Ub&VAft  it^m^^^gtxai!;^^ 


^^ffl 
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in  its  Gtruclurc.     He  dunks,  too,  thiit  the  distribution  of  tlie  blood 
constitutes  one  of  the  best  means  of  tracing  this  series.     In  each 
class  of  animals  there  is  something  peculiar  in  the  circulaiioo,     < 
which  belongs  to  alt  the  genera  of  the  class.     This  is  the  case  nitb     | 
the  inolusca,  as  well  as  wiili  thi:  other  classes.    It  was  this  circura-     , 
stance  tltat  induced  the  author  to  endeavour  to  trace  the  circutation 
of  the  lumhricus  marinus.    Tlie  heart,  consisting  of  only  one  vta- 
tricle,  is  very  small,  and  silualed  in  the  back  of  the  animal.    It 
sends  nn  artery  towards  the  tail.     It  communicates  with  a  vein 
which  transmits  the  blood  to  the  2n  branchia?  in  which  the  blood  is     | 
aerated.    From  these  hrunchlfe  it  is  tmnemitted  buck  again  10  the     | 
heart.     The  teredo  navalis,  the  luiiibricus  marinus,  and  the  lum-      , 
bricus  terrestris,  constitute  three  members  of  the  series;  the  circu-     [ 
lation  becoming  gradually  simpler  in  each.     In  the  last  the  blood-      | 
vessels  themselves  carry  on  the  whole  circulation. 

On  Thursday,  Nov.  I'l,  apnperbyDr.  Rawlins  Johnson  was  read, 
on  the  Mode  of  Propagation  of  the  Hirudo  Vulgaris.  This  little 
animal  is  found  in  abundance  in  small  rivulets,  under  stones,  id  those 
parts  where  there  is  little  current.  It  is  in  length  from  an  inch  to 
an  inch  and  a  halF.  Its  colour  is  hruwn ;  and  there  is  a  black  line 
from  the  head  to  the  tail,  running  down  botii  the  back  and  ihe 
belly.  Jt  copulates  like  the  snail,  and  is  of  course  liermaphroaiie. 
It  is  oviparous,  producing  capsules  containing  ova.  The  yauti£  in 
them  show  symptoms  of  vitality  in  about  three  weeks,  and  they'are 
protruded  from  the  eggs  in  about  three  weeks  more  when  exposed  to 
the  sun,  but  in  the  shade  not  huforc  live  weeks.  The  hirudines 
destroy  each  other's  capsules.  Dr.  Johnson  gives  a  minute  account 
of  the  way  in  which  the  capsules  are  protruded  from  the  uterus  oi 
the  animal.  The  greatest  number  of  capsules  protruded  by  a  single 
hirudo  was  12.  These,  supposing  one-third  of  the  eggs  only  to  be 
productive,  would  have  produced  36  young.  He  thinks  that  it  may 
bexiqncluded  from  analogy  that  the  hirudo  medicinalis  is  also  ovipa- 
rous. This  point  liad  been  already  settled  by  Bergman,  whopub- 
.lislied  a  paper  on  ihe^  leech  in  the  Memoirs  of  the  Swedish  Academy 
for  J  757.  The  young  animal,  when  first  hatched,  is  colourless,  and 
.  it  continues  in  that  state  tor  seme  months.  It  has  ihe  property,  as 
luid  been  already  mentioned  by  Muller,  of  swimming  upon  the  sur- 
face of  the  water  with  its  belly  uppermost. 

On  Thursday,  Nov.  21,  a  paper  by  Dr.  Wilson  Philip  was  read, 
on  the  Efficacy  of  Galvanism  in  relieving  difficult  Breathing.  The 
author  thinks  tliat  it  may  he  considered  as  established  by  his  preceding 
papers  that  galvanism  is  of  little  or  no  service  in  diseases  of  the 
ECDsorium;  but  that  it  will  be  found  an  important  remedy  in  all 
cases  when  the  disease  is  occasioned  by  the  diminution  of  the  ner- 
vous energy.  The  dyspiiiRa  induced  by  cutting  the  ergliih  pair  of 
nerves  which  supply  the  lungs,  being  exactly  similar  to  asihraa,  in- 
duced the  author  to  expect  that  it  would  be  found  an  important 
remedy  in  that  disease.  The  trials  which  he  has  made  confirm  the 
accuracy  of  this  opiniot\.    Ift  a^mwt  'iO  c^'its,  \a  >>iV\t\\  ^Ivanism 
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has  been  applied  by  him,  every  patient  was  relieved,  and  several 
permanently  cured.  His  method  was  to  apply  the  negative  wire 
from  the  galvanic  battery  to  the  pit  of  the  stomach,  and  the  positive 
wire  to  the  nape  of  the  neck.  About  16  pair  of  four-inch  copper 
and  zinc  plates  were  as  many  as  could  in  general  be  endured  by  the 
patient.  At  first  only  six  or  eight  were  all  that  the  patient  in  many 
cases  could  bear.  He  increased  or  diminished  the  number  by 
slipping  one  of  the  wires  along  the  trough,  according  as  the  feelings 
of  the  patient  riequired  an  increase  or  diminution  of  the  energy. 
From  five  minutes  to  a  quarter  of  an  hour  was  the  time  during 
which  the  galvanism  was  applied.  He  did  not  find  any  advantage 
from  prolonging  the  application  beyond  the  time  when  the^  breathing 
was  relieved.  Fie  in  various  cases  deceived  his  patients  by  pretend- 
ing to  apply  galvanism,  when  in  fact  one  of  the  wires  was  not  in 
communication  with  the  trough;  but  in  no  one  instance  was  the 
patient  relieved  by  this  pretended  application ;  while  the  real  appli- 
cation always  alleviated  the  difficulty  of  breathing.  The  liquid  with 
which  the  trough  was  charged  was  water  mixed  with  one  twentieth 
of  its  weight  of  muriatic  acid. 

MNNiEAN   SOCIBTY. 

The  Society  resumed  its  meetings  on  Tuesday,  Nov.  5.  An  ac- 
count was  read  of  a  non-descript  animal  thrown  out  of  a  pump  well 
at  Hull.  The  account  was  drawn  up  by  Mr.  Harrison,  and  some 
particulars  were  added  by  Mr.  Hayworth,  who  presented  the  paper 
to  the  Society.  It  was  a  kind  of  serpent  about  a  foot  long.  Its 
principal  head  was  cut  off  before  it  was  observed  3  but  it  was  sup- 
posed at  first  to  have  had  nine  heads,  and  therefore  to  have  re- 
sembled the  hydra  of  the  ancients.  But  Mr.  Hayworth  conceives 
that  these  may  have  been  rather  connected  with  the  creature's  lungs. 
Unfortunately,  the  animal  was  so  much  injured  before  it  was  exa- 
mined, that  even  the  genus  to  which  it  belonged  could  not  with 
certainty  be  made  out ;  though  Mr.  Hayworth  supposes  that  it  may 
probably  have  belonged  to  the  genus  ophis. 

At  the  same  meeting  Mr.  Bicheno's  paper  on  British  Junci  was 
continued. 

On  Tuesday,  Nov.  1 9,  a  paper  by  Dr.  Arnold  was  read  on  the 
Alcyonite,  a  fossil  found  in  flint  in  the  counties  of  Norfolk  and 
Suffolk.  These  petrifactions,  it  is  well  known^  have  been  taken 
for  fruits ;  but  the  general  opinion  at  present  is,  that  they  are  of  an 
animal  nature.  Dr.  Arnold  gave  a  minute  description  of  a  variety 
of  specimens,  accompanied  with  figures^  but  did  not  venture  to  de- 
termine their  species.  He  is  inclined  to  the  opinion  that,  notwith- 
standing the  various  appearances  which  they  assume,  they  may  all 
belong  to  two^  or  perhaps  even  to  one  species  of  animal. 
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Acofttnt  of  ihe  Laloiirs  o^  ihe  Clasi  of  Malheraatlcal  and  PhyiiS^ 

Sciences  of  lite  Royal  fnititute  ojl'rance  during  the  Year  1815. ■     ' 

MiMtMA-ncAL  Part.— By  M.  le  Chevalier  Delayilrej  Perp^fmixi 
\y^\''\'!^  Secrelory.  ,    ..,■,,.   ,!,v^«il> 

.1..!     I  ItKMOIRS    ArrHOVED    BY  THE    CLASS.  ''      V  Ti^ 


ttoiU  (Conlinnrd  f.-oia  \i.  3S1.) 

lAgtilhomc  with   Parabolic  Rejlectors.     By  XI.  Lenoir.    Cmi«..i 
missiontn,  MM.  Charles,  de  Rossel,  aiid  Arajjo.  i  .  u..' 

Numerous  re^arches  Imve  been  made  at  d'lti'ereut  tinaefl  oq^lid 
importtuit  question  of  lighting  the  sea  CoasU  j  but  few  of  tlie^Wri- 
Eults  have  been  publidied.  TliU  art,  so  usd'iil  to  navigHlion,  bm^ 
made  but  littJe  progress  aiaong  the  aacients,  We  find  notliii^ 
certain,  either  respecting  the  nature  of  tbeir  lighiliou»;s,  qr  tlw 
vivaeity  of  their  light.  Since  navigation  )ias  become  more  advctl^ 
turous,  the  necessity  has  been  felt  of  diversifying  the  colours  of  Olt 
liglits,  and  addiog  to  their  intensity.  Fur  this  purpose  pit-coal  Wia  1 ' 
employed,  mid  wood  and  spherical  or  parabolic  retlectors  were  used.  ' 
Tiic  light  was  concealed,  and  suffered  to  appear  at  regular  intervals. 
But  tlie  reflected  light,  being  too  feeble  in  itself,  was  perceived 
only  in  the  direction  of  the  axis.  The  invention  of  lamps  wiiba 
double  current  of  air  revived  the  hopes  of  the  arlitits,  wlio  weee 
employed  witha  very  laudable  zeal  in  the  construction  of  reflectoisi 
to  which  tliey  succeeded  in  giving  a  sufticieut  polish  and  th?  form 
of  a  paraboloid  of  revolution.  It  remained  to  make  a  set  of  e*pe- 
rimenti  on  the  apparatus  thus  completed,  in  order  to  dctenuiiK,  oi 
eveti  iniprovcj  lis  advantages. 

T^e  commission  appointed  to  examine  the  largo  and  Jine  j«-  i 
flectors  whicl)  M.  Lenoir  had  just  constructed  in  bis  manufitcMryt - 
laidliold  of  the  opportunity  to  subject  todecit^ive  expcriibcUtt . llus 
delicate  question  respecting  the  diameter  requisite  to  be  given  to  tllQ 
flatne  placed  in  the  focus  of  tlie  paraboloid,  ,    ,    n  |.   ,■• 

'fiie  first  experiments  had  been  made  on  Oct.  1,  1813,  i^  .ibei 
garden  of  the  de^t  of  the  Marine,  with  two  parabolic.  ifrqrDeu<>,'i 
tors',    perfeeily    similar,    of   0-^1    metre   of  opening,    and    0'325-' 
metre  iu  depth,  tJie  one  having  in  the  focus  a  wick  of  IG  lioos^  aiA 
the  other  one  of  \1  lines.     Each  of  these  reverberators  ws3)di-- 
reeled  with  the  greatest  care  upon  a  white  surface  distant  about^ 
metres,     A  small  opaque  body  placed  at  a  short  distance  from  i]te 
L  screen  furnished  two  shadows,  die  comparative  intensities  of  whitli 
I  Ecrved  to  detcrmiue  timt  of  ilic  two   cylindrical  pencils  of  light' 
L  vhich  tl>«  minors  seat  to  the  screen,    Tho  compaiisoo  ot,riaMt 
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two  shadows  left  do  doubt  of  the  advantages  of  the  smaller  wick, 
which  gave  a  Jight  at  once  more  lively  and  more  white  than  the 
larger  one. 

This  esperiment  being  repeated  on  Oct.  S,  with  very  slight  dif- 
ferences^ gave  the  same^result. 

The  commission  met  again  on  Oct.  15,  to  compare  the  effects  of 
two  wicks  of  27  and  20  millimetres.  The  place  of  these  wicks  was 
ehanged,  to  be  certain  that  the  difference  of  light  did  not  depend 
upon  the  more  or  less  complete  polish  of  one  or  the  other  reflector. 

On  Oct.  22  the  experiment  was  made  with  three  reflectors  at 
once,  the  two  just  mentioned,  and  a  third  of  IS  millimetres  in 
diameter.  The  comparison  of  the  shadows  showed  that  the  smallest 
had  the  advantage,  both  in  the  whiteness  and  intensity  of  light,  oyer 
that  of  20  miilimetreSj  while  this  ia  its  turn  had  the  advantage  over 
that  of  27  millimetres. 

It  was  of  importance  to  repeat  these  experiments  at  a  rbiich 
gremter  distance,  to  render  more  sensible  the  effects  of  the  dlytr^. 
gence  produced,  either  by  the  eccentricity  of  the  wick,  or  by  de-^  /  . 
ifects  in  the  form  or  polish,  which  it  is  iinpossible  etitir^ly  to  avoid. 
It  was  also  necessary  to  see  whether  the  advantages  of  the  small 
wick  would  continue  at  greater  distances. 

The  three  reflectors  were  transported  to  the  foot  of  the  tower  of  . 
Mofftlhery,  and  directed  to  Montmartre,  which  is  at  the  distance 
of  nsoiiithan  28,000  metres.    They  were  so  disposed  that  tliey 
could  be  dl  three  seen  at  once  in  the  field  of  the  same  telescope. 

The  first  experiment  took  place  on  Nov.  15,  and  showed  that  at 
a  liKstanCe,  as  well  as  when  near,  the  smaller  wick  gave  out  most  _ 
light  in  the  d'»-ection  of  the  axis^of  the  paraboloid.  , 

l^e  same  evening  observations  were  made  on  the  divergence  of 
the  light,  and  its  intensity  at  different  angular  distances  from  the 
axisr    It  was  ascertained  that  the  changes  of  direction  had  not  been 
made  with  all  the  requisite  precision.     Some  modifications  were    ' 
immediately  applied  to  the  supports  of  the  mirrors,  to  enable  tho  ' 
angular  mdtion  of  the  axis  of  each  reflector  to  be  measured  witb    v 
precbion.   After  these  changes  the  definitive  experiment  was  msiie,    ' 
of  which  the  following  are  the  principal  results  :-^ 

The  two  reverberators  of  IS  and  27,  when  seen  by  the  naked  "' 
eye,  appeared  only  one,  but  extremely  vividJ  In  the  telescope  the^ 
were  separate,  and  that  of  13  was  sensibly  more  lively  than  xh^ 
other.    A  single  reverberator  was  still  seen  perfectly  by  the  naked  '  • 

eye;  .         ■    •      .' 

The  two  reverberators  were  equally  vivid  when  a  third  part  of   " 
the  surface  of  the  fjrst  was  concealed.    The  reverberator  with  a 
great  wick  had  the  advantage  when  the  half  of  the  other  was  c6-    '; 
vered.    From  this  it  seems  to  follow  that  the  mirror  with  the  smAt'^  '^ 
wick  IB  about  one- third  more  powerful  than  the  other. 

A  tnotion  of  2°  was  given  to  both  reverberators.    The  fires  ap- 
peared weakened,  butrenmined  viiiible  to  the  naked  eye.  *  That  of  ' 
13  preserved  its  advantage. 
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With  a  deviation  of  3^  the  diminution  of  light  increased.  The 
fires  could  with  difficulty  be  seen  by  the  oaked  eye.  The  small 
wick  had  constantly  the  advantage. 

■  At  S°  they  were  no  longer  visible  to  the  naked  eye.  But  sosne 
traces  of  them  could  he  observed  by  the  glass.  The  one  best  seen 
nyas  that  with  the  small  wick.  The  reverberators  were  brought  to 
their  original  position.  Deviations  of  2^  and  3%  the  contrary 
way,  were  attempted.  These  new  proofs  fully' conSrmed  the  results 
of  the  former  ones. 

The  lamp  of  27  millimetres  consumes  in  two  hours  245  grammes 
of  oil.  The  lamp  with  the  small  wick,  which  always  gave  the  best 
light,  burnt  at  the  same  time  only  122  grammes,  or  one  half  less 
than  the  other. 

The  concljusions  of  the  report  are — 

) .  Tliat  a  single  reverberator  at  the  distance  of  seven  leagues, 
or  28,000  metres,  appears  at  least  as  bright  to  the  eye  as  a  star  of 
the  first  magnitude,  when  the  observer  is  placed  in  the  continuatwn 
of  the  axis. 

2.  That  at  3°  from  that  direction  the  light  of  the  reflector  has 
lost  all  its  brilliancy,  and  can  scarcely  be  seen  without  a  glass. 

3.  That  instead  of  increasing  the  focal  diameter  of  the  light  ai 
artists  are  accustomed  to  do,  proportionally  to  the  dimensions  of  the 
reverberator,  it  is  proper  to  reduce  it  as  much  as  possible,  that  is^ 
as  much  as  the  free  circulation  in  the  inner  tube  of  the  wick  will 
permit. 

4.  That  by  this  means  the  expense  of  oil  is  considerably  dimi- 
nished, while  at  the  same  time  the  Intensity  of  the  light  is  aug- 
mented. 

5.  That  when  a  lighthouse  is  intended  to  give  light  to  a  sector  of 
a  certain  extent,  it  is  necessary  either  to  render  the  reflectors  move- 
able, that  they  may  be  directed  successively  towards  different  points 
of  the  horizon,  or  multiply  them  so  that  the  axes  do  not  include 
greater  angles  than  6^. 

The  experiments  were  made  in  concert  with  M.  Sganzin,  In- 
spector General  of  Bridges  and  Roads,  in  presence  of  several 
Members  of  the  Institute,  and  of  a  great  number  of  distinguished 
Engineers.  They  seem  calculated  to  determine  with  accuracy  what 
may  be  expected  from  light-houses  with  parabolic  reflectors.  The 
Commissioners,  in  consequence,  propose  to  the  Class  to  give  thanks 
to  MM.  Lenoir,  who  in  this  new  branch  of  industry  have  shown 
themselves  deserving  of  the  reputation  which  they  have  long  ago 
acquired  by  important  labours. 

Memoir  on  the  Surfaces  of  Equilibrium  of  imperfect  Fluids,  such 
as  Grain,  Sand,  &c.  By  M.  Allent.  Commissioners,  MM.  de 
Prony  and  Girard,  reporter. 

"  Tl^e  intention  of  the  author  was  not  to  give  new  developements 
to  the  theory  of  the  pressure  of  eartlis,  nor  to  add  new  facts  to  those 
that  have  been  collected  relative  to  this  question,  the  complete  solu- 
tion of  which  would  apply  so  usefully  to  leivil  architecture,  bydrau- 
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lies,  and  the  military  art.  He  proposed  merely  to  facilitate  the 
graphical  tracing  of  surfaces  with  a  natural  slope^  or  a  slope  formed 
by  the  tumbling  down  of  materials  within  given  limits,  from  the 
production  itself  of  these  surfaces  derived  from  a  single  fundamental 
^xpieriment.  This  generation  is  described  in  the  memoir  of  M« 
Allent  without  the  assistance  of  any  calculus  or  figure  with  so  much 
clearness  of  style  and  method  as  to  leave  nothing  to  desire." 

General  Demonstration  of  the  Theorem  of  Fermat  respecting 
Polygonal  Numbers.  By  M.  Cauchy.  Commissioner^  MIVH 
Arago  and  Legendre,  reporter. 

Although  the  theory  of  numbers  be  much  further  advanced  at 
present  than  it  was  in  the  time  of  Fermat,  yet  his  fine  theorem  of 
polygonal  numbers  has  hitherto  been  demonstrated  only  in  its  first 
two  parts,  which  relate  to  the  triangular  and  square  numbers ;  so 
that  every  thing  regarding  the  other  polygons  to  infinity  remained 
to  be  demonstrated. 

It  is  surprising  that  mathematicians  who  have  been  able  to  over- 
come so  many  difficulties  have  been  stopped  hitherto  before  a  simple 
question  of  numbers  resolved  by  Fermat.  (It  is  true  that  this  solu- 
tion has  never  appeared,  Fermat  having  merely  announced  it,  An4 
since  he  never  fulfilled  his  promise,  we  may  suspect  that  he  was  not 
quite  satisfied  with  his  demonstration ;  that  he  still  wanted  some- 
thing, either  in  clearness,  accuracy,  or  brevity.  Perhaps  he  only 
reached  this  famous  problem  by  induction,  and  an  analogy  whicn 
had  given  him  the  hopes  of  finding  a  direct  demonstration,  whicb^ 
on  attempting,  he  found  too  difficult.)  This  kind  of  difficulty  de- 
pends, no  doubt,  on  the  little  connexion  wliich  we  find  between  the 
different  parts  of  this  theory,  for  which  it  is  necessary  in  some  mea- 
sure to  invent  a  principle  or  particular  method  for  each  of  the  cases 
which  we  propose  to  resolve  in  succession.  Hence  it  happens  that 
the  first  case,  relative  to  triangular  numbers,  was  not  demonstrated 
till  long  after  the  second  case,  which  is  quite  indi^pendent  of  the 
general  theory  of  polygonal  numbers. 

This  difficulty,  proved  by  the  fruitless  efforts  of  the  greatest  ma- 
thematicians, was  a  sufficient  reason  to  induce  them  to  desire  the 
complete  solution,  which  M.  Cauchy  has  at  last  found. 

He  supposes  the  first  two  cases  demonstrated.  He  supposes  fur- 
ther, and  it  is  the  general  result  of  the  theory  of  polygonal  numbers, 
that  we  may  always  resolve  into  three  squares  every  number,  which 
is  not  of  the  form  4'*  {8  n  +  7),  To  these  propositions  already  de- 
monstrated he  adds  a  principle  entirely  new. 

He  remarks,  first,  that  a  number,  i,  being  given,  composed  of 
four  squares,  whose  roots  make  a  sum  equal  to  5,  the  quadruple  of 
tliis  number  may  be  always  represented  by  four  squares,  one  of 
which  is  s  P 

Hence  he  concludes  that  two  numbers,  k  and  Sy  being  given, 
either  both  even  or  both  odd,  if  s  included  between  the  limits 
a/  (4  k)  and  V  (S  k)  —  1,  if  besides  4  ^  —  5®  is  not  of  the 
form  4*  (8  «  +  7)^  it  will  be  always  possible  to  ^<t^OTs^^  *^^ 
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nuiubcr  i  into  foursquares,  whose  roots  taken  posUivdy  will  lomM,  \ 

number  equal  to  s. 

This  proposiiion,  very  beautiful  and  rerjr  genera),  is  the  ft 
Uon  af  M.  Cauchy's  demoostration.  It  gives  a  remarkable  per- 
fection to  the  second  case  of  the  theorem  of  Fermat,  sioce  it  givm 
the  method  not  only  of  dividing  a  given  number  into  fourscjuarn, 
but  likewise  of  making  the  sum  of  the  square  roots  equal  loa  gireu 
number  taken  within  certain  limits,  which  become  further  and  fur- 
ther distant  from  each  other  in  proportion  as  the  Dumber  proposed 
becomes  greater. 

For  the  application  which  the  author  hss  in  view,  it  is  suiieacn- 
tifll  condition  to  admit  into  the  sum  s  only  positive  roots,  becaost 
the  theorem  of  Fermat  is  restrained  to  polygonal  numbers  ooiW': 
dered  as  positive. 

Tliis  being  understood,  let  P  l,e  any  number  composed  of  « 
polygons  of  the  order  71.  The  general  expression  of  this  minbWr 
will  be  of  the  form  A  ^  +  B  J,  in  which  A  and  B  are  constant 
coefficients  which  depend  only  upon  t7  :  ^  is  the  sum  of  the  indei» 
of  all  the  polygons,  and  k  the  sum  of  their  stjuares.  The  question 
will  be  to  determine  for  each  member  P,  Ihe  values  of  k  ar.d  j,  witk 
the  condition  that  k  contains  only  n  squares  at  most,  ami  ^tt  b 
the  sum  of  their  roots  taken  positively.  i    ' 

This  question  appears  still  too  vague  and  indeterminate  for  si»~ 
lysis  to  be  applied  to  it  with  success.  M.  Cauchy  conceivedlbB) 
liappy  idea  of  restricting  the  problem  by  supposing  that  of  thsw 
polygons  wliich  ought  to  compose  the  number  P  there  are  («  —  4)i 
equal  to  zero  or  to  unity.  Let  then  k  be  an  odd  number  not  ioWet' 
'  than  121,  lind  sufficiently  great  for  there  being  at  least  tvro  odd^ 
numbers  contained  between  the  limits  which  correspoi'd  to  the 
number  s.  M.  Cauchy  shows  that  the  formula  A  ^  -f-  B  s  +  r" 
will  represent  all  the  whole  numbers  comprehended  between  the' 
smallest  and  the  greatest  value  of  which  this  formula  is  susoeptible 
on  account  of  the  limits  of  s.  From  this  it  follows  that  all  the 
numbers  may  be  decomposed  into  n  polygons,  of  which  (n  -^  4) 
ahall  be  equal  to  zero  or  to  unity.  ? 

On  taking  for  k  greater  and  greater  odd  numbers,  the  fonnuU 
will  represent  successively  all  the  whole  numbers  from  thM  Ii4iicb 
corresponds  to  the  smallest  values  of  k  and  s  up  to  infinity.  •  Cen^ 
sequently  all  these  numbers  are  decomposable  into  n,  poIygoiuA 
numbers,  of  which  (h  —  4)  are  equal  to  zero  or  to  unity.  '  '  '' 
On  examining,  then,  the  small  number  of  particular  cwesitt 
which  k  is  below  121,  he  was  soon  led  to  the  general  conclutioiv 
that  every  whole  number  may  be  represented  by  the  formula  A  A 
+  B  J  +  T,  with  the  conditions  prescribed,  and  that  ihereCore 
every  whole  number  may  be  decomposed  into  «  i>olygons  of  the  ' 
order  w,  of  wliich  (n  —  4)  are  equal  to  zero  or  to  unity.  The  sup- 
position made  in  order  to  simplify  the  solution  of  the  probleio'iB 
Aund  justified.  Not  only  does  M.  C&uchy  demonstrate  tnie  theorem 
of  Fermat  in  all  its  gcnetaW^'j  fet  aV\  ^X'jiyias  *«i-<c  ^c^-res^  hut 
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he  ^substitutes  for  the  theorem  of  Fermat  a  theorem  much  moti 
pncM  and  more  interesting.  Since  he  proves  that  of  the  »  polyr 
gonal  numbers^which  enter  into  the  composition  of  any  number 
gnren. there are^al ways  {n  —  4)  equal  to  zero  or  to  unity. 

:It  rcBuItB  at  the  same  time  from  the  analysis  of  M.  Cauchy  that 
the  effective  decomposition  of  a  given  number  into  n  polygons  of  the 
gfdec  n  may  be  always  done  d  priori^  supposing  only  that  we  know 
bow  to  decompose  into  three  squares  the  numbers  which  are  sus<- 
ceptiUe  of  that  decomposition.  The  :conclusion  of  the  Commis* 
Moers  is,  that  the  memoir  oiiers  a  new  proof  of  the  skill  and  saga*- 
city  which  the  author  has  shown  in  other  researches  equally  useful 
to  the  progress  of  analysis  and  to  matbeinatics,  that  it  is  worthy  of 
the  praise  of  tlie  Class,  and  of  being  printed  in  the  Recueil  des 
Savans  Strangers. 

Memoir  on  tlie  Libration  of  the  Moon.    By  MM.  Bouvard  and 
Nicollet. 

-  .Tlie  libration  of  the  moon  is  one  of  the  most  curious  and  singular 
phenomena  in  the  system  of  the  world.     Galileo  and  Hevelius  had 
dreadv  observed  that  the  spots  near  its  edges  disappeared  andr^mp* 
peared  alternately  in  certain  circumstances,  which  they  nearly-asceiv 
tained.    D.  Cassini  was  the  first  that  gave  a  complete  eKplanatioa 
«f  these  complex  phenomena.    He  supposes,  1.  Thiat  the  anooflk 
turns  round  her  axis  so  that  her  mean  movement  of  rotation  is  pre* 
ciaely  equal  to  her  mean  movement  of  revolution.     2.  Tliat  if  we 
draw  tliree  planes  throagb'the  centre  of  the  moon,  the  first  repre* 
aanting  the  lunar  equator,  the  second  the  ecliptic,  and  the  tnird 
tbe  orbit  of  the  moon,  the  first  plane  will  have  to  the  second  an 
iifecliiiBtion  of  2^^.    Abstracting. from,  the  periodical  inequalities 
tiwse  three  planes  have  always  a  common  intersection,  so  that  tbe 
Qfodes  of  the  lunar  equator  always  coincide  with  the  mean  nodes  of 
the  lunar  orbit.    These  beautiful  discoveries  were  first  published  by 
Cwsini  in  his  History  of  Astronomy,  afterwards-  reprinted  in  th^ 
eighth  volume  of  the  Memoirs  of  jtbe  Academy.    The  obseryatipna 
4i&  not  appear.    Mayer  undertook  tbe  subject  again,  and  investi* 
gated  it  with  care.    He  confirmed  the  determinations  of  Cassini 
except  for  the  inclination,  which  he  reduced  from  2-^^  to  l^  29^.. 
Lfilaode  afterwards  increased  this  inclinatioo  to  1^  43'. 
;>  Lagrange  proved  tiiat  the  phenomenon  of  tbe  inequality  ol  tbei' 
mean  motions  of  revolution  and  nutation  of  the  moon>  tbat,^  the 
coincidence  of  the  nodes  of  the  equator  and  of  the  lunar  orbit)  aQ4: 
that  of  the  constancy  of  their  mutual  inclination,  are  connected 
together  by  the  theoiy  of  gravity.    The  analytical  par.i  of  the  poo- 
Uem  is  complete  ;  but  the  difficulty  attending  this  kind  of  abs(Srva?i 
tions  occasions  the  astronomical  part  still  to  leave  something  dar 
sirable,  and  probably  this  will  alwaysibe  tbe  ease.  The  instruments 
employed  by  Mayer  were  very  imperfect,  and  it  ,is  surprising  thai 
with  such  assistants  he  was  able  to  perform  so  mudu  •  ^LaJande  bad 
mo^  better  instruments;'  but  he  merely  made  the  number  of  »ob>» 
aervatioDs  strictly  necessary^  and  hqycdculated  them  only  by  an.  k- 
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direct  methody  which  is  not  sufficiently  precise.  The  method  of 
Mayer,  though  much  better,  was  only  an  approximation ;  though 
it  was  easy  to  neglect  nothing,  as  we  demonstrated  23  years  ago  in  a 
memoir  announced  by  Lalande  in  the  third  edition  of  his  Astronomy. 
M.  Bouvard  on  his  side  made  the  same  remark  when  all  these  rea- 
sons hud  induced  him  to  undertake  along  with  Arago  a  new  suite  of 
observations,  which  was  interrupted  by  the  prolongation  of  the  me- 
ridian in  Spain.  M.  Bouvard,  who  had  calculated  these  first  ob- 
servations, continued  them  to  1810  inclusive.  This,  new  suite  is 
the  foundation  of  the  calculations  which  MM.  Bouvard  and  Nicollet 
have  made  at  the  same  time,  each  separately,  to  be  the  more  cer- 
tain of  avoiding  any  appreciable  error.  We  find  in  their  memoir 
all  the  formulas  which  they  have  employed  with  an  exact  discussoB 
of  all  the  terms,  in  order  to  show  those  which  might  be  neglected, 
and  those  which  it  was  indispensable  to  preserve ;  so  that  we  may  be 
certain  that  in  this  respect  they  have  been  much  more  rigid  than 
any  of  their  predecessors.  They  explain  very  fully  the  method 
which  they  have  followed,  and  the  elements  which  are  the  result  of 
their  labours.  These  elements  differ  very  little  from  those  that  had 
been  found  7^  years  before  by  Mayer.  Thus  the  longitude  of  the 
spot  observed  is  only  \lV  less,  the  latitude  12^  less.  The  inclinatioA 
IS  scarcely  one  minute  less.;  bgt  the  difference  between  the  node  of 
the  equator  and  that  of  the  orbit  varies  almost  G°  from  that  assigned 
by  Mayer,  since  it  was  S-}^  minus  according  to  Mayer ;  while  fix)m 
the  62  observations  newly  calculated  by  Bouvard  and  Nicollet,  it  is 
2-^°  plus.  Respecting  this,  it  is  just  to  remark  that  of  all  the  ele-* 
ments  this  interval  between  the  nodes  is  the  most  uncertain,  and  the 
most  difficult  to  determine,  both  on  account  of  the  small  inclina- 
tion, and  the  very  great  influence  which  the  smallest  geocentric 
errors  have  on  the  selenoccntric  places.  This  is  easy  to  conceive 
when  we  recollect  that  the  arc  of  90^  of  the  lunar  globe  is  seen 
from  the  earth  under  an  angle  of  15  or  17  minutes.  According  to 
theory,  the  coincidence  of  the  nodes  ought  to  be  perfect.  In  the 
old  and  new  results  the  error  lias  different  signs,  so  that  we  may 
suspect  that  the  truth  may  lie  between  the  two  results  of  observa- 
tion, and  consequently  very  near  where  the  theory  points  out. 

The  memoir  is  terminated  by  large  tables,  which  give  all  the  details 
of  the  observations,  the  calculations,  and  the  quantities  which  re- 
sult from  each  observation  in  particular  for  the  two  elements  of  the 
spot.  These  results  agree  as  well  with  each  other  as  the  observa- 
tions allow;  but  lead  us  to  desire  that  something  could  still  be 
added  to  the  accuracy  of  the  instruments,  which  is  by  no  means 
probable.  It  is  only,  therefore,  by  increasing  the  observations  very 
much  that  we  can  diminish  the  uncertainty.  But  we  must  acknow- 
ledge at  the  same  time  that  this  extreme  precision  would  be  merely 
curious.  It  is  sufficient  for  us  to  know  that  the  theory  and  observa- 
tions agree  sufficiently  with  respect  to  phenomena  which  have  no 
inOuence  in  astronomical  determinations. 

(7'(0  bt  continued,) 


1614.]  Sdentific  Intelligence.  46S 


Article  XI. 

«CI£NTinC    INT£LLlGlfiNC£;    AND    N0TICB8  OF  SUBJECTS 

CONNBCTBD  WITH  SCIKNCB. 

L  New  Theory  of  Dyeing  Turkey  Red. 

(To  Dr.  Tfromson.) 
DEAR  SIR, 

In  Dr.  Bancroft's  late  publication  on  the  Philosophy  of  PeniM'^ 
nent  Colours,  after  treating  of  the  various  processes  that  had  cora^ 
to  bis  knowledge  for  dyeing  the  Adrianople  or  Turkey  red,  he  oon^ 
eludes  by  paying,  ^^  That  so  much  uncertainty  and  obscurity  should 
still  prevail,  in  regard  to  this  very  estimable  and  extraordinary 
colour,  is  to  me  a  matter  of  deep  regret."  I  entertain  the  highest 
respect  for  Dr.  Bancroft's  talents  and  perseverance,  by  which  he 
lias  been  of  great  use  to  the  practical  dyer  and  calico  printer ;  and 
while  I  do  not  pretend  to  throw  complete  light  on  a  subject  that  has 
hitherto  baffled  the  skill  of  scientific  men,  I  may  yet  be  allowed  to 
state  some  doubts  that  have  arisen  in  my  mind  respecting  tlie  theory 
^hicfa  he  mentions  of  animalization,  in  dyeing  linen  and  cotton  with 
the  Turkey  red.  Dr.  Bancroft,  indeed,  does  not  confine  himself 
to  this  idea;  for  he  allows  that  the  animal  substance  must  be  joined 
to  some  earthy  or  metallic  basis,  to  enable  the  cloth  to  imbibe  and 
retain  the  colouring  matter  more  copiously. 

Fiom  the  perfection  to  which  that  beautiful  colour  has  been 
brought  in  this  neighbourhood,  I  may  safely  assert  that  its  brilliancy 
and  permanency  are  unrivalled  in  any  other  part  of  the  world.  The 
process  followed  is  to  clear  the  goods  of  all  impurities  which  they 
may  have  received  from  the  spinner  and  weaver,  by  boiling  in  a 
strong  alkaline  ley,  and  afterwards  by  repeated  immersions  in  an 
imperfect  soap,  made  from  the  ley  of  carbonate  of  soda,  olive  oil^ 
and  sheep's  dung.  They  are  next  steeped  in  warm  water,  into 
whichis  put  a  small  quantity  of  soda  ley ;  then  the  immersions  acd 
again  repeated  in  the  imperfect  soap,  omitting  the  sheep's  dung. 

This  is  the  whole  process  previous  to  the  galling  and  aluming* 
The  ingredients  used  give  very  little  sanction  to  the  idea  of  animal- 
iaation,  as  the  sheep's  dung,  besides  ammonia,  can  contain  but  a 
Tery  small  portion  of  animal  matter.  Dyeing  with  the  madder  is 
followed  by  another  immersion  in  the  oil  and  soda,  which  is  called 
the  darkening  steep,  and  to  this  the  clearing  process  succeeds. 

The  following  ideas  have  occurred  to  me  on  this  subject,  which 
I  'tJggest  with  diffidence ;  but  should  [  be  wrong,  they  may  tend  to 
excite  some  other  person  to  an  inquiry,  that  may  prove  more  sue-* 
cessfui. 

Silk  and  worsted  have  a  natural  varnish  which  cotton  does  not 
possess.     To  supply  this  defect,  the  repeated  immersions,  followed 
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by  exposure  to  llie  atmosi)liere,  iiml  lo  tlic  heated  air  of  a  slove,  uuy 
give  tlieoit  llie  proper  cousisieiicy  by  ihe  absorption  of  oxjgeij,  iur 
fonoine  a  varuish  wild  wliicli  tfic  colouring  matter  unites^  ami 
through  wiiich  h  iiisy  be  said  to  stiine ;  wliicTi  causes  Uiat  sqpefifir 
btilHantry  whit-h  tlie  goods  attain  when  they  are  cleared,  orssit 
may  be  citlltii,  p^^lished.  1  therefore  presume  that  tiie  fiseJnus 
aiKJ  lirilliiiney  of  the  colour  will  dqii'iid  od  the  quaitlity  of  oil  ioi- 
bibed,  as  every  repelitinn  of  dryifl*  presents  new  fibres  lo  be  var- 
iii»be(J  with  an  additional  i^usutity ;  fur  1  have  alivays  found  that  tlif 
permanency  was  in  proportion  to  the  number  of  manipulatiom  in 
the  sapooaci!Ous  liquor,  and  a  pro  gxtrt  ion  able  freedom  could  be 
also  used  in  reducing  or  cleario;;.  Tlie  while  imaicrsions,  oraiitiog 
the  sl)eep'«  dung,  are  just,  ap)ilyiiig  succesaivs  OMta  ot  rarai^ii. 
Clearing  is  never  atteDi{)ted  Iroru  the  madder  cOf^r  withoutin- 
fnersingth^  goods  ugaiit  in  toda  andoU,  and  drying  them  in  a  stove, 
tvhieli  I  coDKider  to  be  also  supplying  ihcm  witlt  an  addiiiooal  oMt 
The  alkaline  ley  occasions  ii  greater  separation  in  the  ptiniclwoi 
the  oil,  by  which  it  combines  more  closely  with  the  fiabriu  of  the 
cloth.  The  sheep's  dung  in  tl^  first  iinmersioDa  may  serve  at  a 
covering  OF  great  coat  lo  keep  i  lie  goods  moist  for  a  coajidecable 
lime,  that  they  may  more  lully  imbibe  (he  liquor,  by  preveotiiif,' 
the  vvaporation  from  being  tuo  quick  in  the  great  lieat  to  whiei> 
they  ajtt  exposed. 

After  tlie  frequent  immersions,  ilie  clotli  feels  like  le«lu!r,so 
doubt  from  a  ^operBiiily  of  liquor.  It  i^  tItL'ii  stcc|)ed  in  a  ley  of 
oiriMHiate  af-owia,  yni,pj"ter;wijfdanreit  whW^  aarii^iiji.' 
pantiOD'  for  the  alumkilf  ood  galliogi.  Tbe  aalriBglBBt>fta' 
be^n  long  known  for  darkesicg  and  filing  eomitKl&  eti- 
.jGOttOD,  by-unitiag  with  the  earth  of  alum,  and  atnog ' 

'im>  iaibe.  useof  blood  in  tbe  madder  ooppeiv  I« 
fhuig';  M,  in  jthe  rancid  and  putrid  stats  in  irfiirii  I  itn»\  iw  il 
used,  were  it  botforthe  prejudice  of'the  operator,  it  nlgbtbe 
ufely  dispensed  witb.  i  ^;-  ■»■-').  -.' 

An  fton(  of  tbe  above  idea,  that  it  is  wholly  tbn  nif  nnJlina  Irith 

'the  feaifbof  atuidtKat  is  of  use.  l.msy  refer  totlw  mciin  Trf^i^ttii^ 
that  cqImic^  the  East,  quoted  by  Dr.  fiancio^  .vh.  40«king  jJMr 
(jotton  in  oiTXuo  inatter.of  what  description,*^)  (luiPV?  tbriiljhi^ 
vtcl  ^xpoeing  it  to  the  sun  and  air  ducing  tb^cify/oij 

tjbefl^,  rinsing  it  only  in  running  water,,,*!}^  tbeOF, 

bi  a  decoction  of  galls  i^nd  the  leaves  of  aumajcl^  pi*>ipN.  . . 

'  1  would,  therefore,  request  the  practical  df  er  wbAHJM  tft  aurik 
at*  koowlcdge  of  this  unsecoufitable . procea^  IP tf^^np^dvoiip 
of  aalmalization,  if  hy  it  be  meant  impregii^iDft  ih%^f|j|Mbtilife 
animal  inatleri  and  1^  the  power  of  th«  m»:miSiaif^vnmy'ilm9K 

teethodj  look  for  the  whole  truth  Apoi  iQHw.qt&WiWjwgft  tjiwitii' 

.^    ■  OUm  wl,  b^'«-  Ued  Mdtai,  aU  of  •< 
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'mieat  tfnnlysb.     X  am  at  present  inclined  to  believe  that  it  19  a  me- 
chanical operation  united  to  a  chemical ;  and  that  the  frequent  im- 
'iHersions  in  the  imperfect  soap  are  equivalent  to  laying  on  the  first, 
'second^  thirds  &c.  coats,  preparatory  to  finishing  a  fine  painting  in 
oiL  I  remain  respectfully,  Sir, 

Your  most  obedient  servant^ 

rr«fcrfofi,  moMsm,  OcL  26,  1816.  JoHN  THOMSON. 

11.  Demonstration  that  no  Part  of  the  Circle  is  a  Straight  Line. 


AIR, 


(To  Dr.  TbomsoD.) 


Seeing  some  of  the  pages  of  your  Annals  lately  pccupied  with 
attempts  to  demonstrate  that  no  part  of  a  circle  is  a  straight  line^ 
I  have  ventured  to  trouble  you  with  the  following  demonstration, 
which  1  trust  will  not  only  be  allowed  to  be  strictly  geometrical^  but 


Let  A  B  be  any  part  of  the  circumference  of  the  circle,  A  F. 
Through  the  points.  A,  B,  draw  the  right  line, 
A  B9  upon  which,  from  the  centre,  C,  draw 
the- perpendicular  radius,  C  E,  meeting  the 
right  line  and  circumference  in  D  and  E ;  and 

Sioing  C  A,  or  C  B.  Then  because  the  points     '  ^^^ — *^^ 

,  E,  are  between  the  points  A,  B,  (3  El.  3,) 
end  the  angle  C  D  B  a  right  angle,  C  B  is 
greater  than  CD  (ID  El.  1) ;  but  CB  is  equal 
coCE;  therefore  CE  is  greater  than  CD; 
and  consequently  the  point  E  falls  without  the  straight  line,  A  B ; 
that  is,  the  points  A,  E,  B,  arc  not  in  a  straight  line.  But;  A,  E,  B, 
ere  points  in  the  chrcumference  of  the  circle;  therefore  the  arc  AB, 
in  which  these  points  are,  is  not  a  straigiit  line. — Q.  E.  D. 

Or  more  generally  thus — 

Instead  of  perpendicular  to  the  straight  line  A  Bj  let  the  radius 
CE  be  drawn  any  where  between  the  radii 
C  A,  C  B,  intercepting  this  line,  and  the  arc 
io  D,  E.    Then  in  the  triangle  C,  D,  A,  the      /  ^A 

exterior  angle,  C  D  B,  l)eing  greater  than  the     /  .^^^m 

imerior,  and  op|X)site  CAD,  or  its  equal 
C  B  D,  it  follows  that  C  B  or  C  E  is  greater 
-than  CD;  and  the  point  E,  that  is,  every 
point  in  the  arc  A  B,  except  A,  B,  is  without 
the  straight  line  A  B.  Therefore  the  part  A  B 
of  the  circumference,  and  the  right  line  A  B,  must  inclose  a  space. 
Bat  two  right  lines  cannot  ineloae  a  space ;  consequently  the  little 
are,  A  B,  is  not  a  straight  line. 

,  ^  There  are  many  other  ways  by  which  this  simple  property  of  the 
circle  may  be  demonstrated ;  but  those  I  have  given  are,  I  appre- 

voL»  vm.  N^  VI.  20 
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liend,  auite  sufficient.  Indeed,  I  should  have  thought  that  the  2d 
prop,  of  El.  3,  presents  us  with  a  pretty  plain  proof  of  the  curti- 
ture  of  every  part  of  a  circle* 

I  anoj  Sir,  respectfully^ 

Britiol,  N9V.  2,  1816.  J.  H. 

IIL  Another  Communication  on  the  same  Svlrject* 

(To  Dr.  Thomson.) 
SIR,  London.  iV««.  4,  1816. 

In  some  of  the  late  numbers  of  your  Annals  of  Philosophy  there 
have  appeared  certain  articles,  which  profess  to  show  that  no  part  of 
the  circumference  of  a  circle  is  a  straight  line.  But  the  reasoniogs 
therein  employed  are  very  different  from  wliat  the  strictness  of 
geometrical  demonstration  requires. 

In  order  to  facilitate  calculations,  and  to  make  closer  approxima- 
tions to  the  quadrature  of  the  circle,  some  geometers  have  assumed 
that  its  circumference  is  a  polygon  with  very  small  sides.  But  in 
requiring  so  much  to  be  granted,  they  have  never  insisted  on  its 
truth,  as  it  is  self-evident  that  the  circumference  of  a  circle  is 
formed  by  the  termination  of  equal  mathematical  lines  drawn  from 
a  common  centre,  no  two  of  which  can  end  in  a  straight  line. 

The  question  to  be  demonstrated  is,  therefore,  that  a  circle  b 
not  a  polygon,  or  that  no  sensible  magnitude  of  its  circuoifereQce 
is  a  straight  line. 

I  will  not  occupy  your  space  by  showing  that  the  demonstrations 
of  your  correspondents  do  not  accomplish  this,  but  merely  add  that 
the  question  admits  of  no  difficulty,  and  may  be  geometrically 
proved  thus : — Assume  a  part,  A  B,  in  the  arc  of  a  circle  as  a 
straight  line,  and  join  A  and  B  with  the  centre, 
C.  And  from  any  part,  D,  in  A  B,  draw  D  C  ; 
AC,  DC,  and  B  C,  are  equal.  But  A  C  B 
is  an  isosceles  triangle,  having  the  angles  at  A 
and  B  equal.  For  the  same  reason  the  angles 
at  A  and  D,  and  D  and  B,  are  also  equal.  But 
the  adjacent  angles  at  D  are  equal  to  two  right 
angles,  and  they  are  also  equal  to  the  angles  at 
A  and  B.  Wherefore  the  angles  A,  B,  of  the 
triangle  ABC,  are  equal  to  two  right  angles,  which  is  impos- 
sible ;  A  B,  is,  therefore,  not  a  straight  line. 

In  like  manner  it  may  be  shown  that  no  other  sensible  magnitude 
of  the  circumference  of  a  circle  is  a  straight  line.     Q.  E.  D. 

If  you  consider  this  to  be  of  sufficient  importance  for  insertion  in 
your  Annals,  it  must  be  more  for  the  sake  of  putting  an  end  to  the 
difficulties  of  your  correspondents  than  from  any  merit  the  proposi- 
tion possesses  in  itself. 

I  have  the  honour  to  be,  with  much  respect, 

A  Stxjdm^t  of  £ucx*u>. 


ISI&] 


InieUigmci, 


""Mir 


iV.  Taple  of  the  Temperature  of  the  Atlantic  Ocean  ''in  different 

Degrees  of  Latitude  and  Longitude. 


li^titude. 

Longitude. 

Tempera- 
ture of  the 
Ocean. 

Period  of  the 
observation. 

Observers. 

Mean  temp,  of 
the  air  Qo    the 
basin  of  the  sea. 

.     0F> 

58^8 

29° 

54' W 

80-96® 

Nov.    1788 

Churruca 

^ 

0 

57 

32 

31 

81*66 

April   1803 

Quevedo 

0 

S3 

23 

40 

81*66 

^3a^dl  1800 

Perrins 

l80-6P.(Cook). 

0 

UN 

86 

35 

82*40 

Feb.     1803 

Humboldt 

0 

13 

54 

2  E 

80*78 

May     1800 

Perrins 

a 

tg5 

15  N 

22 

56  W 

68 

June    1709 

Humboldt 

^ 

25 

29 

44 

14 

70-88 

April    1803 

Quevedo 

69-8(LaPey. 

25 

49 

^28 

40 

69*26 

March  1800 

Perrins 

>     rouse  and 

27 

40 

19 

24 

70-88 

Jan.     1768 

Chapfpe 

I   Dalrymple). 

28 

"47 

20 

37 

74*30 

Oct.     1788 

Churruca 

i 

42 

34  N 

18 

5W 

51-98 

Feb."     1800 

Perrins 

^ 

43 

17 

33 

47 

59*90 

May     1803 

Quevedo 

54-86    (Cook 

43 

58 

15 

27 

60-62 

June    1799 

Humboldt 

and 
d'Entreca»* 

44 

58 

37 

7 

54-86 

Dec.     1789 

Williams 

45 

13 

7 

0 

59*90 

Nov.    1776 

Franklin 

teaux). 

48 

11 

16 

38 

57-74 

June    1790 

Williams 

tf 

Humboldt's  Personal  Narrative,  vol.  ii.  p.  65. 

V.  Effect  of  tlie  late  Solar  Eclipse  on  the  Temperature  of  the  Day 
on  which  it  occurred.     By  Luke  Howard,  Esq. 

The  radiation  from  the  sun  is  so  manifestly  the  cause  of  a  diurnal 
elevation  of  temperature  on  the  earth,  that  in  a  considerable  eclipse 
of  that  luminary  we  ought  to  expect  some  diminution,  for  the  time, 
as  well  of  its  heating,  as  of  its  illuminating  effect;  but  I  do  not 
know  that  any  one  has  yet  submitted  this  consequence  to  the  test  of 
actual  observation  by  the  thermometer.  In  determining  to  do  thb, 
I  thought  it  right  to  have  a  proximate  standard  wherewith  to  com* 
pare  the  results  I  might  obtain ;  and,  therefore,  although  the  day 
was  by  no  means  so  favourable  for  tlie  purpose  as  soipe  preceding 
clear  ones,  I  caused  a  number  of  observations  to  be  taken  of  the 
progress  of  the  diurnal  temperature  on  the  18th  of  the  present 
month ;  and  devoted  the  forenoon  of  the  19th,  on  which  the  eclipse 
of  the  sun  took  place,  to  a  similar  investigation  by  myself. 

It  will  not  be  necessary  very  minutely  to  detail  the  observations  of 
the  ISth,  which,  as  well  as  those  during  the  eclipse,  were  made 
with  the  Six's  thermometer  which  I  constantly  employ.  At  six, 
a.  m.  the  thermometer  stood  at  40°,  the  sky  being  overcast  with 
Cirrosiratus  clouds  pretty  close  and  dense,  and  a  steady  breeze 
blowing  from  S.  S.  W.  At  &^  45"*,  and  for  half  an  hour  after,  the 
temp.^did  not  exceed  41°.  At  7**  45™,  the  sun  being  up,  it  was 
42° ;  and  from  this  time  to  1 1**  it  advanced  (with  some  interrttptiob/ 
but  no  depression,  intervening)  to  47®.  In  the  interval  before  noon 
octtiri'ed  a  depresision  of  half  a  degree^  which  being  over,  the  tem- 
perature attained  its  maximum  for  the  day,  of  47*5°,  at  half  ^ast 

a  o  2  , 
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tw^We.  During  the  time  there  fell  about  0-07  inch  of  raiiu  The 
afternoon  was  fair,  the  temperature  descended  more  rapidly  tluuiit 
bad  risen,  and  in  the  fore  part  of  the  night  {as  it  appears)  touched 
upon  S2^. 

A.M.       Eleventh  Monih,  19.    Day  of  the  Eclipse. 

a    30  —  350    Temp.  ||:oiD|c  donru,  haviof;  ritea  some  degreci  in  the  oi^t  9  diHI 

of  day  percppiible:  lichC  CirMjtrfl^iu  clondi,  with  a  (cail* 
breeze  at  S.  W.     Darom.  29*68  in. 

7      0  —  34-3  Day  breaks.     Dar.  129*69  to. 

7    so  —  34      Breeze  iocreasing :  a  veil  of  clouds  above,  passing  off  withi 

deliuite  edge  to  N.  E.,  bat  leaving;  datachedf treaks  below. 

7  42  —  33       Baron.  29-7Si{  in.     Sun  not  yet  visible,  being  hid  by  a  low  mist, 
a      0  — >  34      Tlu*  sun  has  l>een  some  time  shining  {  but  is  dow  among  this 

streaks  of  cloud. 

8  20  —  35      The  sun  auioug  streaks  of  cloud,  the  disk  scarcely  visible;  so 

that  the  commencement  of  the  eclipse  was  not  observed, 
a    45  —  36  -   The  suu  kiill  behind  a  li^ht  skreen  of  Cirrostralus^  through  tk 

ill  (erst  ices    of   whicli    the   disk  is  at  limes  distinctly  iteu 

eclipsed.    The  therm,  now  ceases  to  rise. 
a    65  —^  The  temperature  now  begins  to  decline,  altboagh  tbcre  Is  lep 

cloud  than  heretofore. 

9  0  — -  85*5   Barom.  S9'75  in. :  but  hesitating,  as  If  it  would  fall. 

15  —  35      A  somewhat  thick^^r  b<'d  of  cloud  now  coming  over  the  t«i'4^ 

creases  the  obscurity  of  the  eclipse,  which  is  yet  sot  fitly 

coofidcrabU!.    There  is  perhaps  as  much  Ughi  as  when  the  i» 

was  €0  mill,  high, 

9    20  »-  Tlie  ihermomeier  now  tends  to  rise  again. 

-    9    30  —  35*5  Barom.  29*77   in.       Ctoudiness,    by     GrrpitrMtm^   becoail^ 

general. 
9    -45—37      Eclipse  visibly  going  off. 
10      0  ~  38 

10    15  —  S9      The  clouds  again  lighter. 
iO    30  —  40      Near  the  teriuinatiou  of  (he  eclipse. 

10  ^  .^  41       Barom.  stationary  :  wind  more  to  tlie  W. :  the  clouds  tbickfD 

again. 

11  5  —  42 

11     40  —  43      The  cloads  lend  lo  form  CttmuloiUtUus, 

18    20  —  45      Barom.  ri&iug« 
1    30  —  45      In  this  interval  the  temp,  has  fallen  half  a  degree,  and  rises 

again :  us  it  Jid  yesterday  an  hour  earlier. 
€      0  — *  46      Temp,  the  same  at  this  hour  yesterday :  cloady. 

3  0  —  46      Idem. 

4  Q  —  44      Barom.  29*80.     No  rain  nor  strong  wind  has  occurred  dMridg 

the  observatiocs. 

Ttie  foregoing  observationsi  I  presume,  will  be  found.satisfactorj. 
The  temperature  on  this  day  w^^  falling  (as  is  very  commonly  the 
case)  before  sun-rise ;  presently  after  which  it  began  to  rise,  ,  This 
eO^iect  continued  until  a  considerable  portion  of  the  sun's  rays  be* 
f^aoie  intercepted,  when  it  fell  again,  to  near  the  middle  of  the 
eclipse  (by  my  watch,  which  had  not  been  adjusted),  and^  in  pro- 
portion as  the  latter  went  off,  resumed  its  former  movement,  rcxse 
steadily,  and  attained  its  maximum  at  nearly  the  same  degree  as 
the  day  before,  though  later  in  the  afternoon.  Had  the  elevatioa 
proceeded  from  8^'  45""  to  i)^  15'",  at  the  rate  w  hi  eh  it  had  assumed 
revious  to  (his  interval,  the  temp,  aid''  15"",  mstead  of  3$^,  w^a^ld 
^avc  been  38^,  and  tlie  j^rog^ess  of  tlie  diurnal  elevatJNE>a,^'9^d 


I 


TSfcfe-been'stiR  iildre  oniform  than  thcdByfefore)' iHiMt  waSWfce 
^fiiiWnea  ftvim  rtijs'greaternnifortnityof'the  sky.     Now  fiS-the  Ak 


-oiUK^n  ijuflictentty  with-  t)E  time  oftlift  suiir»  bdi% 
under  eclipse,  and  as  no  other  disturbing  cause  is  apparei>t,-we  vNtf 
conclude  tbntther^  reiulted  from  this  cauw  anint«nuptioa,  to.tlw 
diurnal  accumulation  of  heat  at  the  place  of  oltsei:v«tii>n»  $he 
anAunt-oF  t^ich,  tn  aik  or  eigJit  fee.t  fnwi  tlte  Hif&c(vwa&a^jtu4  to 
^«f  Fahrenheit's  thermometer. 

ZUtmJIain,  Bkvaith  Mtnih,  20,  ISIS..  ^^  }i.aWJf,KDt 

*'.■  Vl.'SMe  of  the  tVkmt  in  the  Lothiam. 

-.''i'  ■  (To  Dr.- Thonnan.)  ■    -      J"     a 

...         .lilY  DEAR  SIE,,  J«wiMy0.c*]HB,  Ntv.  11,  181)5. 

I  Was  surprised}  and  I  most  say  vat  quite  pleased,  to  see  your 
^tAct  from  my  letter  of  Sept.  20  last^  in  the  Amah  for  fkas 
inonth.  I  certainly  never  intended  any  part  of  that  letter  to  be 
'|)tiblh)ied,  and  tltoiight  }-ou  could  not  but  perceirc  it  to  be  c^tinely 
of  a  privitte  nature,  from  the  maiiher  hi  which^twas  written.  Hotv- 
Wf^U  4iiic<;  you  judged  the  expci^oieot  itlF'Mr.  W.  aq^  m^lf  to 
«fcen«in  the  quantity  of  tlie  wheat  worth  pristing,  no  matter: 
imly  I  could  wish  you  had  gfi-en  it  in  a  less  conspicuous  form.  The 
experiment  was  correctly  made,  stid  corrcctty^ated,  and^.th^k 
^eprinciple  just;  but,  then,  it  was  not  exteod^^^  eoou^to 
support  the  conclusion  supposed  to  be  draUrn.  It  would  have  re- 
quired to  be  made  on  a  great  vairety  oF  ferhStc  s'hovf ;the  itaitf  of 
the  wheat  in  the  county  o/'Zrfin^i^ffAf  ..AH  it  can -he  i^operly  Hvd 
to  do  is  to  show  the  state  of  thi;  wheat  on  a  siogle  farm.  I  am 
aYraid,  however,  tTie  character  of  the  grainthiisasftertiifnedrtray  he 
but  too  applicable  to  the  county  in  general,  and'even  itf  thejieigh* 
bouring  counties,  though  I  have  reason  to  think' that  alt  ^le  wbeatas 
not  so  bad.  The  same  sort  of  experiment  was  made  by  a  faraterof 
U^  acquaintance  id  E^st  Lothian ;  apd' if  orfHliimM^  ddilS  bbl 
much  fail  m'e,  tlK  general  regidtw^  aho^i'one'tb^d  uilsouncl. 

Another  fant>ei"whohi  I  the  other  dity  met  frowthat  county,  ia- 
forojp  j^ie.that.tlie  wheat  there  turns  out  to  uffird  no  mofethm  ftur 
Soils  per  acre,  and  to  welgii  J4  st,  per  bbl],  \a  HA  fur  ii  he  fias  ^ct 


£r. ,, 

heard  of  any  trials  being  inade.  Eight  or  nine  bolls  are  an  ordinary 
^^'andllSst.^  boll.  Mr.  Wi  tttl* 'me His  «Hm1i  J^i^'-iJbly 
IHtek:  bolts  jp^  ^ci^,  and  weiglis.  \3't&^^  WAy^tAAxS  Mg«4Ml££ 
^ellhim  they  have  mbre^  '  '•    i-;'   "'  '  -  :.  >  ^-''   •v.-sii  ■.>£&■. 

'".'A^mier^n  t^ts  par'nh  tokl  n^'tiA  Thursdaylasttlitft'betitt^iyn 
lils^Aiii  iiow  cut  down,  but  not*  slienf  Inj  eiteept  wlrf«^iMit!;*i« 
the  whole  of  that.  All  ItiS  oats  hnA  Iwrhfy  vXtt  kt  the'^fleld.'^lPhB 
peas  and  beans  crop,  il  i»uader3tood>{i»rticularlyThe  foritier^^'iilW 
Starcely  supply  seed  fur-hixt' yft*i  '■*  h«vt  jiltt  e«h  a -Mend  fi«)« 
l^lkii^,  wlio  tells  me'l1iit^'ii''getittema«  of  hittadqiiahitaBct-thMtf 
ha*  threshed  Out  some^tWieatj,  indhai  Wwta  bmis loitti« «**.'>  ■  ■' ; 
^'^Where  I  wrhe  (on  ttie'bUib  WL4|,«i8outllia«b)^»fttaf  beiibaM 
k'^O'^r'aoO  fret  MKrt^Hlfe^lef«l  tif^^'iVOi  dt^^o^^  «lib^«>!t«>. 


4j6  Scltm^  haemgiite&  EDU£.' 

8i|^it.of  It  I  aod/  in  my  immediate  iie^UxniAfiD^  a)l  ^^^p^^JH 
now  cut;/bu^  mtbin  sigbt  of  this  plitee^  pDwbiBt.is'paujea  Ipe 


Camp  Hill,  to  tbe  southward,  about  100  or  150  fieef  hq^er^  fb^ 
is  pffhaps  nearly  one  half  still  to  cut,  and  much  yet  very  green.  Oa 
tbS  [night  of  Thoraday  the  7th,  and  momii«or  Frida^he  8»/^ 
thermometer  here  at  eight  o^clock  aliobd'  at  1^,  nd-dn  FMi^ 
evening  the  ground  was  completely  wwctti  vnA  nujfW^i'^iiAf 
however,  soon  disappeared  on  the  low  grounds ;  Mr  at'tfalsriMiAftienf 
it  still  lies  itk  my  view  on  the  Camp  Hill  among  the'  atani^iii^^ 
vncbt  corn.  The  Pentland  and  M6orfoot  bills  are  co^eMd'wiffi 
SQow.  Tlie  thermometer  here  has  been  at^6|^6r  S7^,  onSata^* 
day  and  yesternight,  so  that  we  apprehend  few  of  the  potatoes'WhitK 
dre  ^tm  iiiitaketi  up  (and half  of  them  probAlv  are  iddiis  sitoi^ 
t!on)  have  escaried.  ' 


Vi-/'. 


Very  res^cjtfiilty  and  trulv/ybdrs  Hter,     •  '■  ^ 


V  «>i  T    M\,9§M%0%tyB*»Mtj   Mft.\*   %^«iB^9     yxnmta  %^w%ii% 


t  J 


VII:  CtfirfictiM'  if  a  Mistake  in  the  TVoMkaim  of  BenseSuff 
Pip&r'ori  the  old  md  new  Theories  respecting'  tne  iMtter^;^ 
Muriatic  AtSd^  -       •  ^..::   . 

I  have  received  a  letter  from  Professor  Berzeliift  cfompfainlog  thiri 
the  JTollbwing  passage  in  the  translation,  vol.  viii.  p.  209,  m^rtpie- 
seuts,  his  meaning :— • 

"  This  I  call  attempting  to  decide  the  questron  by  superiority  6t 
reputation.  But  while  I  acknowledge  superiority  with  respect,  I 
shall  never  cease  to  oppose  it  with  the  force  of  scientific  arguments/' 
Tlie  original  is  as  follows : — 

*^  Das  nenne  ich  etwas  durch  neherlegenheit  beweiseri  wollen. 
Walifehd  ich  indess.die  tieherlegenheit  mit  ehrerbietung  anerkenne, 
Averde  ich  doch  nie  aufhoren,  ihr  die  kraft  eines  wissenschaft  ticben 
beweises  streitig  zu  machcn.*'^  The  literal  translation  of  which  is^te 
ftllbws :—  * 

"  This  I  call  wishing  to  prove  a  thing  by  authority.  But  while  I 
acknowledge  the  authority  with  respect,  I  must  firmly  dispute  its 
force  as  a  scientific  proof," 

VIII,  Insanity. 

^  i)r.  Spurzbeim,  the  author  of  Physiological  System,  &c.  is  pre- 
paring for  the  press  an  extensive  work  on  Insanity,  entitled,  *  Patho- 
Ipgy  of  Animal  Life,  or  the  diseased  State  of  the. Manifestations  of 
the  Mind,  termed  Insanity.*  The  author,  after  devoting  many 
y^ars  of  indefatigable  labour  in  investigating  the  various  kinds  <^ 
insanity,  and  comparing  them  with  the  particular  organization  and 
cirenmstanMs  of  the  individuals,  has  at.  length  resolved  to  submit 
his'hbbors  tb  the  public  at  a  period  when  the  investigation  before  a 
Committed  of  tbe  House  of  Commons  has  excited  die fattentfoa  of 
the  public  to  the  sufferings  of  the  insane  poor. throughout ..Cireit 
BriuUm  jj  with  the  Yiope  xH^  aVco^Vh^  most  mm  U^bt  omthi^dMlntii^ 
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IX.  Results  of  a  Meteorological  Register  kept  at  New  Malton,  in 
the  North  Riding,  of  Yorkshire^  in  Sept*  1816.  By  Mr^  James 
Stockton. 

Mean  pressure  of  barometer,  29*645.  Max.  30*15.  Mm. 
28^63.  Range,  1*62.— Temperature,  .52*886^  Max.  73°.  Min.' 
34''.  Range,  39°.— Rain,  2*48  inches.  Wet  days,  13.^  Stormy^, 
4.     Winds  variable. 

The  wet  weather,  which  continued  with  little  variation  during 
nearly  the  whole  of  the  two  preceding  months,  introduced  tl)e  pre- 
sent 5  and,  with  the  exception  of  a  few  fine  days,  the  character  of 
the  period  may  be  regarded  as  wet,  and  unfavourable  to  tHe  harvest^ 
The  pressure  and  temperature  have  been  in  constant  fluctuation^ 
and  a  very  sudden  depression  took  place  in  each  on  the  29th,  which 
was  stormy  and  wet ;  the  loss  in  the  barometrical  column  in  about 
two  days  being  the  range  for  the  month;  but  during  the  night  nearly 
an  inch  was  regained.  The  Cirrus^  Cirrostratus^  and  Cumulostralus^ 
have  been  frequent,  and  a  most  splendid  display  of  the  first  modifi- 
cation was  observed  on  the  25th,  which  soon  became  Cirrostratus^ 
and  finally  Cumulosfratus^  succeeded  by  a  storm  of  wind  and  i^in 
at  night.  Solar  and  lunar  halos  on  the  1st,  3d,  28tb9  and  S^th^ 
followed,  as  usual,  by  wind  and  rain. 

New  Malton,  Out.  S,  1816.  JaMES  StOCKTOn'.    ^ 

X.  iMter  from  J.  Murray ^  M.D.  F.R.S.Edin.  Lecturer  ofi 

Chemistry  in  Edinburgh, 

(To  Dr.  Thomson.) 
SIR, 

I  have  reason  to  believe  that  in  some  late  numbers  of  yours^  and 
of  other  philosophical  journals,  observations  have  been  ascribed  to 
me  which  do  not  belong  to  me.  The  ambiguity  has,  I  believe^ 
arisen  from  the  circumstance  of  the  name  and  surname  of  another 
correspondent  being  the  same  as  mine.  1  will  thank  you  merely  tp 
notice  the  distinction. 

I  am,  Sir,  your  obedient  servant, 

Edinburgh,  Oct.  21,  1816.  J.  M^RB-AY,    ^ 

XL  Observations  upon  the  reduction  of  barytes  to  the  metallic 
sicUe,  by  means  of  a  gaseous  blow-pipe  employed  for  thispur^se^ 
by  the  Professor  of  Mineralogy  at  Cambridge. — ^In  a  letttr  to 
the  Editor,  by  the  Rev.  J.  Holme,  Fellow  of  St.  Peter^s,  Col*- 
lege,  Cambridge. 

SIR,  St.  PUtrU  Mkgt,  Cambridge,  JNTov,  20,  1816. ' 

.  i         » 

Having  beei>  present  at  most  of  the  experiments,  and  witne^e^ 
the  results,  which  professor  Clarke  has  announced  to  the  cheipDic^l 
world  by  means  of  your  Annals  of  Philosophy  and  the  Quatpstlf 
Journal  of  the  Roval  Institution,  it  gave  me  real  satisfactiw ,  to 
find  that  pur  confirmation  of  his  discoveries  coincided  w^tj^.^qiy 
own  testimony.    The  most  rematkaUe  oi  liftoa^  i^n^xj^N*  >3S«ni»^ 


M 

of  the  1 


^^  Sdntj/ic  IfiUUigeo^ 

HoA  at  poK  metailic  globules  obtained  in  the  decomposition 
mitraU  of  tanUs.  To  this,  as  I  was  repeatedly  an  eye-n 
1  ^u>  iftJc  wufa  the  inosi  decided  certainly ;  and,  as  I  have  been 
at  tbe  puss  to  czamiDC  wiili  the  greatest  care  the  materials  lie 
use  of  io  tbe  preparMitm  of  the  saU  whence  these  metallic 
obuiiKd,  I  can  hImi  as  decidedly  state,  that  there 


■A  noihuiei^  the  whole  ei^p^Joieot  Vik^ly  ,ui. Jnvolve  it  is 
■orto'^mer  it  liable  to  dispute.'     No  meiamc 


^^^^^bor  to^^rf^r  it  liable  to  dispute.  No  meHTHc  substance 
^^HHp|r  wxs  brought  into  contact  wiih  the  haryllc  salt,  it  was 
^H^^p^c«d  wiihin  a  cavity  whi<^h  he  had  scooped  imo  a  stick  of 
^bftfuxpl;  anH  belag  io  a  deliqucsceot  slatt,  neitlier  oil  tior  water 
vss  requisite  lo  form  it  ioio  a  paste.  It  became  so  liquid  iinw 
CKfiMum  to  the  infhtmed  gas,  etid  its  ebulliiion  wDs  56  violent,  tliU 
Iw.nnimhittiboce  wished  lo  desist  fiom  any  further  attempt ^f  ,^ts 
tediKtioii  t  the  appear^mce  being  so  ditierenl  itaoi  that  nliiclij^ 
liifn  rxhibiled  id  the  fusion  aod  rcductioD  of  the  pure  earilf.  to  the 
milallic  state.  I  with  same  diOiculiy  prevailed  upon  him  to  coB- 
tiniie  tbe  experiment,  and,  at  length,  having  eitamlned  tbe  char- 
coaU  I  poifried  out  lo  him  (he  biilliant  globules  of  metol  widt 
whif:))  it  was  studded,  and  which,  for  the  tirst  time  in  nty  life,  I 
^d  the  sadsfaciJon  to  view.  I'pon  repeating  the  esperinif  nt,  we 
observed  the  appearance  he  has  described  of  the  separation  of  tbe 
meltdlic  jilobules  in  the  midst  of  the  boiling  fluid,  easily  discernible 
by  persons  accustomed  to  watch  ihe  separation  of  a  metal  froin  its  ore 
in  nperimenls  with  fluxes,  by  the  common  blow-pipe.  Upon  a 
thirti  or  fourth  trial,  I  succeeded  in  detaching  two  of  those  miuuie 
fflobules  from  the  fused  mass,  and  in  placing  them  in  naplha. 
They  retained  their  brilliancy,  however,  but  for  a  few  days.  The 
stnailer  of  the  two  glubules  disappeared,  as  1  am  convinced,  before 
the  phial  could  be  sent  to  yoit  in  which  ihey  had  been  contained ; 
an(]  the  larger  globule  having  been  a  month  in  naptha  before  jou 
bafi  an  opportunity  of  examining  its  appearance,  had  lost,  as  you 
inftwoied  ua,  lis  Itfilliiint  ■melal.lw\a%mi  It  still,  however,  remains 
in^nopfhn,  and  hyits  rapid  change  of  place,  when  tolling  about 
jnHtie  bottom  of  the  vessel,  it  is  evident  that,  for  so  minute  a 
globule,  its' weight  as  a  melal  cannot  be  so  inconsiderable  as  we  at 
(^t believed  the  metalot  lonjtesro  be. 

I  shall  not  enter  upon  the  subject  of  the  other  csperiments  which 
hatte  been  detailed  by  Prufessor  Clarke,  except  by  adding  tny  tcsli- 
Bjoh'y  to  the  truth  of  the  results,  and  I  forbear  to  do  tSs,  for  the 
rcAspn  ^Wch  has  been  assigned  by  your  correspondent  Jkjr.  George 
OiyaldlSym  ;  ^because  "  I  do  not  wish  10  intrude  upon  the  path  of 
caDtberl--  Bis  reduction  of  stTonlian,  as  of  other  melaUk  sub- 
iitBBcee,  especially  the  semi-metals,  has  dependedupon  the  lustre 
esnibi'edhy  those  bodies  when  rased  by  filing;  and  I  am  disposed 
fi>  iigree  with  him  in  mainlaining  as  an  axiom,  that  "  no  suhstAoce 
iver  yet  was  known  to  disclose  a  focjuZo-wjciafl^'c  lustre  to.  ilie  action 
,J(tliefile,     .    ■  -".-."      .:..  t 

I  remain,  Sir,  very  faithfully  yours, 


.cua^H 


wa) 


JM(Ma)f>tonl»6i>- 
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REMARKS, 


Tmth  lfofifA.^14.  Much  dew  these  two  morntDgs  pa^ :  Gossamer.  15.  Dew: 
tomewhst  mUty  alr|  #iUi  an  elc«trie  odour :  saplllioe.  16.  Misty:  the  trees 
dripiMop:  calms    then  tmishioey    with  a  breeze  at   S.E.,    and    CumuUj   ^t, 

17.  Morning    overcast:    raia    by  nine:    rainbow:    drips  at    intervals:    fair. 

18.  Fair :  a  fine  breeze  through  the  day :  twilight  pale  orange,  with  CirtoBtmins, 
]9i  Wind  and  raio  la  the  night.  90.  Clondy  day.  21.  Obscurity  to  the  S.,  itodi* 
eating  rain  there :  after  dark,  a  flash  of  lightning  to  the  S.  £.,  with  a  small 
seteor.  S9,  a.'  m.  Rain,  lacceeded  by  a  fhir  day  and  night.  SS«  Hoar  froit : 
clear,  a.  n. :  fine  day.  24,  Cloudy  :  windy  at  S. :  wet  evening :  clear  night. 
25.  Cloody  :  windy  at  S.  £.:  very  wet,  p.m.  26.  Misty  morning:  fair  day. 
2f.  Varloat  clouds :  fair.    28.  Overcast  with  CirroiirMtus:  clear  aight.    29.  Very 

,  iMavy  dew :  misty  at  night,  with  a  Nimhts  to  the  S.  W.    SO.  Rainy.    31.  Misty: 
close,  electric  air :  rain,  p.  m.  and  evening. 

Eleventh  Month,-—!,  Misty,  a.m. :  Cumuloitratutf  Nimbus;  a  little  rain. 
2.  Misty  morning:  much  rain  this  day  and  night:  hail.  8.  Misty,  a.iB.:  fair 
day:  wet  evening.  ^.  Cumulostratus :  small  rain.  fi.  Nimbi^  with  other  doods* 
7.  Snow  this  morning  in  the  high  lands :  shower,  with  hail :  snow  again  at  night. 
8^  Very  white  frost :  much  smoke  and  cloud  accumulated  over  the  city :  cloudy 
enrcaing :  the  ChrostrMti  appeared  convergent  to  the  rising  moon :  in  the  night  the 
tfmp.,  which  had  not  passed  38^  in  the  day,  advanced  to  4S*,  with  much  wind 
and  rain  from  the  southward.  9.  Fair  morning:  squally,  p.m.:  after  dark  a 
small  meteor  and  lightning  to  the  S.,  iu  which  direction  Nimbi  were  visible  at 
sup-set.  It).  Snowy  morning:  clear  day:  the  hygrom.  receded  to  45°.  11.  Clear, 
a.  m. :  wind  N.lf^. :  the  ground  crusted  over  with  some  snow  which  fell  last  night: 
a  bank  of  clouds  in  the  S.W.,  and  some  attenuated  O'rros/ra^'  aloft:  at  night 
rain:  the  wind  violent  at  S.W. 

RESULTS. 

Prevailing  winds  S.  E.   and  N.  W. 

Barometer:  Greatest  height 30*13  inches. 

Least  28*72 

Mean  of  the  period    ,....  29*512 

Thermometer :  Greatest  height 60® 

Least 20 

Mean  of  the  period 43'12 

Mean  of  the  Hygrometer  at  9  a.  m SI® 

Ra'n 3-54inche«. 

r-Tfaebarameter  has  been  throughodt  unsteady,  and  its  oscillations  towards  the 
tnd  considerable,  chiefly  in  depression.     Eight  days  only  were  without  rain. 

Tottenham,  BUmidh  MotUA,  18,  1^16.       i.  L-JHOWARU.  i 
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Annuities,  theorems  on,  119,  279. 
Arnold,  Dr.  on  alcyonite,  455. 
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Blood,  colooring  matter  of,  230. ' 
Blowpipe,  new,  mode  of  ezperkwaU 

ing  with,  357. 
Bones,  fossil,  found  in  Cerigo,  153.  ^^ 
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"  ERRATA. 

Page  212,  line  3,  for  the  knife  fixed  the  cup,  read  the  knife  fixed  above  the  cup^ 
_L  357, !,/<»•  Fig.  4,  read  Fig.  6. 
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